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PRELIMINARY AMENDMENT 

Sir: 

Prior to examination, please amend the above- 
identified application as follows. 



IN THE CLAIMS 

Please amend claims 43 and 44 as follows: 
Claim 43 

Line 1, change "34" to --34, 35 or 37--. 
Claim 44 

Line 3, change "34-43" to --34, 35 or 37-42--; and 
Line 5, change "attract" to — attracted--. 



Please add claims 46-52 as follows: 

--46. A system according to Claim 36, wherein a free 
end of the protrusion is formed into a spherical shape. 

47. An exposure apparatus, comprising: 

a substrate attracting and holding system as recited 
in Claim 36; and 

exposure means for transferring, by exposure, a 
pattern of an original to a substrate as attracted and held by 
said substrate attracting and holding system. 

48. An exposure apparatus, comprising: 

a substrate attracting and holding system as recited 
in Claim 43; and 

exposure means for transferring, by exposure, a 
pattern of an original to a substrate as attracted and held by 
said substrate attracting and holding system. 

49. An exposure apparatus, comprising: 

a substrate attracting and holding system as recited 
in Claim 46; and 

exposure means for transferring, by exposure, a 
pattern of an original to a substrate as attracted and held by 
said substrate attracting and holding system. 

2 
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50. A device manufacturing method, characterized by 
producing a device through manufacturing processes including a 
process for exposing a substrate by use of an exposure apparatus 
as recited in Claim 47. 

51. A device manufacturing method, characterized by 
producing a device through manufacturing processes including a 
process for exposing a substrate by use of an exposure apparatus 
as recited in Claim 48. 

52. A device manufacturing method, characterized by 
producing a device through manufacturing processes including a 
process for exposing a substrate by use of an exposure apparatus 
as recited in Claim 49. — 

REMARKS 

Applicants reguest favorable consideration of the 
above-referenced application in view of the foregoing amendments. 
Claims 1-52 are pending. Claims 43 and 44 have been amended, and 
claims 46-52 are newly presented to avoid any improper multiple 
dependencies . 
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our Washington office by telephone at (202) 530-1010. All 
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Registration No. 

FITZPATRICK, CELLA, HARPER & SCINTO 
30 Rockefeller Plaza 
New York, New York 10112-3801 
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SUBSTRATE ATTRACTING AND HOLDING SYSTEM 
FOR USE IN EXPOSURE APPARATUS 



FIELD OF THE INVENTION AND RELATED ART 
5 This invention relates to a substrate 

attracting and holding system for grasping a substrate 
or workpiece and, more particularly, to a substrate 
attracting and holding system for use in a 
semiconductor manufacturing apparatus, a liquid 

10 crystal STibstrate manufacturing apparatus « a magnetic 
head manufacturing apparatus, a semiconductor 
inspection apparatus, a liquid cirystal inspection 
apparatus, or a magnetic head inspection apparatus or 
for use in manufacture of a micro-machine, for 

15 example. In another aspect, the invention concerns an 
exposure apparatus or a device manufacturing method 
using such a substrate attracting and holding system. 

In reduction projection exposure apparatuses 
used in the manufacture of semiconductor devices, for 

20 example, enlargement of the ntimerical aperture (NA) 

has been promoted to meet miniaturization of a device 
(chip). Although the resolution is improved by a 
larger numerical aperture, the effective depth of 
focus is shortened on the other hand. Thus, in order 

25 to maintain the resolution while keeping a sufficient 
practical depth, attempts have been made reduce the 
curvature of image field of a projection optical 
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system or to improve ±lie wafer flatness in regard to 
wafer thickness non-unifornmess or flatness precision 
of a chuck. 

One factor for causing degradation of the 
5 flatness of a wafer surface is the presence of a 

foreign particle caught between a chuck and a wafer. 
If a foreign particle of a few microns is once caught 
therebetween, the wafer at that portion is deformed 
and raised thereby. Where the effective depth of 

iO focus is 1 micron or less, local defocus occurs there 
and, in a worst case, a pattern defect is produced. 
In order to avoid degradation of the product yield 
rate due to such foreign particles, based on the 
probability, pin contact chucks (pin chucks) wherein 

15 the contact rate between a chuck and a wafer is 
reduced to a minimum are used prevalently. 

As regards a machine for processing a 
substrate such as a semiconductor wafer, for 
semiconductor device manufacture, or a li<iuid crystal 

20 substrate, for liquid crystal display device 

manufacture, for example, a projection esiposure 
apparatus, generally it uses a substrate attracting 
and holding system based on a vacuum attraction force 
to hold and secure a substrate (workpiece] and to 

25 correct any warp thereof to keep its flatness. Figure 
31 shows an example of such substrate attracting and 
holding system. In the substrate attracting and 
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iiolding system (chuck) 201 il lust rated, a substrate 
carrying plaJie is defined by a carrying table which 
comprises a plurality of pin contact type protrusions 
202 disposed in a grid and a peripheral rim type 
5 protrusion 203 provided at the peripheral portion of 
the carrying plane for supporting the peripheral 
portion of a substrate. Also, there are suction holes 
205 formed at the carrying plane where the contact 
type protrusions are provided, which holes are 
10 communicated with a vacuum piping system for reducing 
the pressure between the carrying plane and a 
substrate to be carried thereon. 

The substrate attracting and holding system 
of a structure such as described above is used in a 
15 semiconductor exposure apparatus, for example. A 

wafer which is a substrate is conveyed onto the chuck 
201 by means of a conveying system. After the wafer 
is placed on the chuck 201, it is held fixed on the 
chuck 201 by vacuum attraction applied through the 
20 attraction holes 205. Here, in order to reduce the 

probability of occurrence of deformation of the wafer 
surface due to catching a foreign particle between the 
chuck carrying table and the wafer, the total area of 
the substrate supporting protrusions distributed along 
25 the carrying plane is made small. 

In the substrate attracting and holding 
system such as described above, the layout of the 



siabstrate supporting protrusions which, provide the 
chuck carrying table is determined without any 
specific concern to the processing region on the 
sxibstrate. It is set without any positional 
relationship with the substrate processing region. 
Namely, if the substrate processing region changes, 
the same chuck is used continuously. Therefore, if 
the surface of a siibstrate is deformed as a result of 
the attraction and holding of the substrate, the 
deformation may cause not only a deformation of that 
portion of the substrate in a vertical direction but 
also a distortion along the plane of the substrate. 
Further, the layout of the siibstrate supporting 
protrusions of the chuck is determined without any 
specific concern to the layout of alignment marks of a 
substrate. If the alignment mark layout of the 
STibstrate changes, the same chuck is used 
continuously. While a deformation of the substrate 
surface resulting from the attraction and holding of 
the substrate may cause an error in the coordinate of 
an alignment mark, since the relationship between each 
substrate alignment marks and each substrate 
supporting protrusions of the chuck is unknown, it is 
not possible to correct the coordinate error and, 
therefore, the registration precision is degraded. 

On the other hand, in a lithographic pcocess 
among semiconductor manufacturing processes in which a 



very fine pa-ttern is transferred fay exposure, in 
consideration of tlie depth, of focus faexng decreased 
with miniaturization of the device or a coordinate 
error of a pattern to be transferred, the flatness of 
5 a substrate as held by a chuck has to be decreased as 
much as possible. If the substrate has a distortion 
along a horizontal direction caused by the deformation 
of the substrate surface, the error in the coordinate 
of an alignment mark of the substrate becomes large as 

10 a result of it. Additionally, if such coordinate 
error is different in each region (hereinafter, 
"shot") to be processed by a single operation or in 
each semiconductor device (hereinafter, "die"), since 
a semiconductor device is produced by superposing 

15 various patterns, the pattern registration is much 
degraded. If there is a large difference between 
shots, it can not be corrected easily and, in a worst 
case, a defect of a semiconductor device is produced. 

It Is known that, in a pin chuck, a wafer is 

20 deformed and warped between pins of the chuck due to 
vacuum attraction and that this causes degradation of 
the flatness of the wafer surface. Many proposals 
have been made to solve this problem. For example, 
Japanese Patent No. 2574818 proposes a structure 

25 wherein a ring-like groove is formed in an outer 

peripheral portion of a chuck and wherein pins are 
provided in a central portion, inside the groove, at a 
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pin pitch of 2 xnin or less, so as to keep good wafer 
flatness at the chuck peripheral portion and good 
wafer flatness within the pin pitch at the chuck 
central portion. In this patent, it is stated that, 
5 with a pin chuck having pins disposed in a grid, the 

flatness within the pin pitch can he approximated hy a 
model of a beam having both ends free- supported and 
that, from a desired flatness, a required pin pitch 
can be made 2 mm or less. However, the approximation 

10 with the beam having both ends free-supported means 
that the pin pitch as a whole is determined by using 
the condition for the support with the free end at the 
outer peripheral portion which condition is worse than 
that at the central portion. There is no disclosure 

15 about determining optimum pin pitches for the flatness 
at the outer peripheral portion and at the central 
portion, respectively. Therefore, this causes an 
inconvenience that the pin pitch at the central 
portion becomes smaller than as required and, as a 

20 result, the contact rate becomes larger than as 
requi red . 

In an attempt to solving this problem, 
Japanese Patent No. 2821678 proposes a structure 
wherein the pin pitch at a central portion of a chuck 
25 is made larger than that at an outer peripheral 

portion of the chuck, thereby to improve the wafer 
flatness at the chuck outer peripheral portion and the 
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cliuck central portion while keeping the contact rate 
small. According to this proposal, it is suggested 
tiiat th.e flatness within the pin pitch at the 
peripheral portion can be approximated with a model of 
5 a heam having one end £ia:ed and another end free- 
supported, while the flatness within the pin pitch at 
the central portion can be approximated with a model 
of a beam having both ends fixed, and that the ratio 
between the pin pitches at the peripheral portion and 

10 the central portion can be optimized. 

In the proposal made in Japanese Patent No. 
2821678, however, there is an assiuaption that the 
attraction force is even at the outer peripheral 
portion of the chuck and at the central portion of it. 

15 There is no disclosure about determining optimum 

attraction forces for the wafer flatness at the chuck 
outer peripheral portion and the chuck central 
portion, respectively. Also, there is no disclosure 
about determining an optimum relationship between the 

20 pin pitch and the attraction force, for the wafer 
flatness . 

Although such wafer flatness, that is, 
degradation of the wafer surface flatness due to a 
warp produced within the pin pitch, is In fact a 
25 problem to be solved, there is a much more serious 
problem that a distortion (wafer distortion) is in 
practice produced due to the warp within the pin 
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pitch. For example, where a wafer of a 200 mm 
diame-ter being currently widely used is placed on and 
attracted to a pin cliuck having pins arrayed in a grid 
with a pin pitch 2 mm, there may occur a wafer 
5 distortion of about 1/2.6 of the wafer flatness. In a 
semiconductor process of 0.25 micron rule, being mass- 
produced currently, the tolerance for the wafer 
flatness is 80 nm if it is set to be 10% of a depth of 
focus 800 ixm, whereas the tolerance for the wafer 

10 distortion is 5 nm if it is set to be 10% of an 

overlay precision 50 nm. This value when convezted 
into a wafer flatness becomes equal to 13 nm which is 
much smaller than 80 nm. Namely, it is seen that, as 
compared with the flatness as required by the depth of 

15 focus, the flatness as required by the overlay 

precision is much more strict. Conventionally, the 
flatness correction has been made so as to reduce the 
wafer flatness to a tolerance, whereas it has never 
been done so as to reduce the wafer distortion i:o a 

20 tolerance. As a result, the wafer distortion may be 
more than the tolerance, causing a degraded overlay 
precision and a decreased yield rate. Alternatively, 
an additional process margin may be needed, which may 
obstruct further miniaturization of a semiconductor 

25 device or further enlargement of integration of it. 

In the aforementioned Japanese Patent No. 
2821678, it is stated that, when the flatness at the 



outer peripheral portion of a. wafer is ma.de better, a 
positional deviation of an alignment mark at ttie wafer 
peripheral portion can be reduced like a positional 
deviation of an aligmaent mark at the wafer central 
5 portion. However, there is no quantitative statement 
about the alignment mark positional deviation. 
Further, there is no recognition of the inconvenience 
of a wafer distortion resulting from a warp within the 
pin pitch at the chuck central portion. There is no 
10 disclosure about determining an optimum relationship 
between the pin pitch and the attraction force, in 

respect to the wafer distortion. There is no 
disclosure about determining the relationship with 

respect to each of the peripheral portion and the 
15 central portion, respectively. Namely, there is no 

disclosure of reducing the wafer distortion to a 

tolerance. 

SUMMARY OF THE INVENTION 

20 It is accordingly an object of the present 

invention to provide a substrate attracting and 
holding method, a substrate attracting and holding 
system, an exposure apparatus and/or a device 
manufacturing method using a substrate attracting cind 

25 holding system, by which the influence, upon a 
stibstrate processing precision, of an error in 
coordinate of an alignment mark to be produced by 
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def ormation of the surface of the substrate resulting 
from the attraction and holding of the substrate. 

In accordance with an aspect of the present 
invention, there is provided a substrate attracting 
5 and holding system, comprising: a holding table for 
holding a substrate; a protrusion provided on said 
holding table, said protrusion being disposed to be 
placed in a predetermined positional relationship with 
a position of an alignment mark to be used for 

10 processing the substrate or a position with respect to 
which an alignment mark is to be produced. 

It is another object of the present invention 
to provide a substrate attracting and holding system, 
an exposure apparatus and/or a device manufacturing 

15 method using a substrate attracting and holding 

system, by which a distortion or degradation of a 
flatness of the surface of a siabstrate such as a 
wafer, for example, due to a deformation of the 
substrate surface to be produced when the substrate is 

20 attracted and held by using a plurality of 

protrusions, can be reduced so that the substrate can 
be attracted and held in an optimum state and that an 
overlay precision can be improved. 

In accordance with another aspect of tlie 

25 present invention, there is provided a substrate 

attracting and holding system having a plurality of 
protrusions for supporting a substrate, for attracting 
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and Iiolding the substra-te aupported on the 
protrusions, characterized in that a disposition pitch 
L of the protrusions and an attraction force P of the 
substrate are set so as to satisfy a relation; 
5 P-L-^ g. C36-E«h2- didyj/C-ZJ-k-c] 

where dxdy is a distortion tolerance, E is a 
longitudinal elasticity coefficient, h is a thickness 
of the substrate, c is a correction coefficient based 
on the protrusion disposition and k is a neutral plane 

10 correction coefficient. 

These and other objects, features and 
advantages of the present invention will become more 
apparent upon a consideration of the following 
description of the preferred embodiments of the 

15 present invention taken in conjunction with the 
accompanying drawings, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures lA - IC are schematic views best 

20 showing features of a substrate attracting and holding 
method according to the present invention, wherein 
Figure lA is a plan view of an embodiment of a 
substrate attracting and holding system arranged in 
accordance with the substrate attracting and holding 

25 method of the present invention. Figure IB is a plan 
view of a siabstrate and it shows an example of 
disposition of shots or dies on a substrate, and 
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Figure IC shows an example of patterns of alignitien-fc 
marks . 

Figure 2 is a schematic and sectional view of 
a substrate attracting and holding system in a state 
5 in which a substrate is being attracted and held 
thereby. 

Figure 3 is a schematic view for explaining 
an example of erirors in coordinate, per a shot, to he 
produced as a result of attraction and holding of a 
10 substrate . 

Figure 4 is a plan view of another embodiment 
of a substrate attracting and holding system according 
to the present invention. 

Figure 5 is a schematic and sectional view of 
15 a substrate attracting and holding system according to 
a further embodiment of the present invention, in a 
state in which a substrate is being a-ttracted and held 
thereby. 

Figures 6A - 6C are schematic views of a yet 
20 further embodiment Of the present invention, wherein 

Figure 6A is a plan view of a substrate attracting and 
holding system of this embodiment. Figure 6B is a plan 
view of a substrate as attracted and held by the 
substrate attracting and holding system of this 
25 embodiment, and Figure 6C is a view for explaining the 
relationship between substrate supporting protrusions 
of the substrate attracting and holding system of this 
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emJ^odi merit: and the position where alignment marks are 
produced. 

Figures 7A - 7C are schematic views of a 
Still further embodiment of tlie present invention, 
5 wherein Figure 7A is a plan, view of a substrate 
attracting and holding system of this embodiment , 
Figure 7B is a view for explaining the relationship 
between substrate supporting protrusions of the 
substrate attracting and holding system of this 

10 embodiment and the position where alignment marks are 
produced, and Figure 7C is a fragmentary perspective 
view of a portion adjacent to the position where 
alignment marks are provided, in a state wherein a 
substrate is being attracted and held by the substrate 

15 attracting and holding system of this embodiment. 

Figure 8 is a schematic view of the structure 
of an exposure apparatus. 

Figures 9A - 9C are schematic views, 
respectively, wherein Figure 9A shows a warp of a 

20 substrate as attracted and held by protrusions. Figure 
9B shows a model of a beam having both ends secured, 
bearing a uniformly distributed load, and Figure 9C is 
a view for explaining the relation between the 
siabstrate surface and a neutral plane not deformed by 

25 a warp of the substrate. 

Figure 10 is a schematic view of the 
structure of a mechanism for replacement of substrates 
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ancl ctiucks. 

Figures llA and llB stiow another embodimen-t 
of a substrate attracting and holding system according 
to th.e present invention, wherein Figure llA is a plan 
5 view and Figure IIB is a sectional view of the same. 

Figure 12 is a plan view of a substrate 
attracting and holding system according to a further 
embodiment of the present invention. 

Figure 13 is a sectional view for explaining 
10 the state of a substrate and a central portion of a 
chuck as the substrate is attracted and held by a 
siibstrate attracting and holding system according to 
the present invention. 

Figure 14 is a schematic view of a model of a 
15 beam having both ends fixed, bearing a uniformly 

distributed load corresponding to the stage of a warp 
of a substrate at a central portion of a chuck. 

Figure 15 Is a schematic view for explaining 
bending moments and flexure curves curves in the 
20 double-ends fixed beam of Figure 14. 

Figure 16 is a schematic view for explaining 
distortion of a substrate. 

Figure 17 is a schematic view for explaining 
disposition of pins in a grid layout. 
25 Figure 18 is a schematic; view for explaining 

disposition of pins in a 60-deg. staggering grid 
layout . 
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Fxgure 19 is a sdiematic and. sec-tional view 
for explaining the state of a substrate and an outer 
peripheral portion of a ciiuck, when the substrate is 
attracted and held by a substrate attracting and 
5 holding system according to the present invention. 

Figure 20 is a schematic view of a beam 
having an end fixed and another free end, bearing a 
uniformly distributed load corresponding to the state 
of a warp of a substrate, at the outer peripheral 
10 portion of the chuck. 

Figure 21 is a schematic and sectional view 
of an outer peripheral portion of a chuck of a 
substrate attracting and holding system, according to 
a yet further embodiment of the present invention. 
15 Figure 22 is a schematic and sectional view 

for explaining another example of a chuck central 
portion . 

Figure 23 is a schematic and sectional view 
for explaining another example of a chuck outer 

20 peripheral portion. 

Figure 24 is a schematic and sectional view 
for explaining another example of pin-like protrusions 
in a substrate attracting and holding system of the 
present invention. 

25 Figure 25 is a graph for explaining an 

example of a vacuum pressure at the central portion of 
a substrate and the range of pin pitch, in a substrate 
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at tracking and holding system of the present 
invention . 

Figure 26 is a graph for explaining an 
example of a vacuxim pressure at the outer peripheral 
5 portion of a substrate and the range of pin pitch, in 
a siibstrate attracting and holding system of the 
present invention. 

Figures 27A and 27B are graphs, respectively, 
wherein Figure 27A shows flexure curves of a wafer 
10 within the pin pitch, and Figure 27B shows the shape 
of a distribution of wafer distortion within the pin 
pitch. 

Figure 28 is a schematic view of the 
structure Of an exposure apparatus. 
15 Figure 29 is a flow chart of semiconductor 

device manufacturing processes. 

Figure 30 is a flow chart for explaining 
details of a wafer process included in the procedure 
of Figure 29. 

20 Figure 31 is a plan view of a substrate 

attracting and holding system of known type. 

DESCRIPTION OF THE PREFERRED EMBODIMEKTS 

Preferred embodiments of the present 
25 invention will now be described with reference to the 
accompanying drawings, 
[First Embodiment] 
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Figures lA - IC best: show feat:ures of a 
substrate attracting and bolding method according to 
the present invention, wherein Figure lA is a plan 
view of an embodiment of a substrate attracting and 
5 holding system arranged in accordance with the 

substrate attracting and holding method of the present 
invention. Figure IB is a plan view of a substrate and 
it shows an example of disposition of shots or dies on 
a substrate, and Figure IC shows an escample of 

10 patterns of alignment marks. 

Denoted in Figure lA at 1 is a chuck which 
comprises a substrate attracting and holding system to 
be mounted on a chuck stage of a semiconductor 
exposure apparatus, for example. In Figure IB, 

15 denoted at 100 is a substrate such as a wafer to be 

attracted and held by the chuck 1. Denoted at 101 is 
a region (shot) of the substrate 100 which region is 
to be processed by a single operation. Alternatively, 
it denotes boundaries (scribe lines) for defining each 

20 semiconductor chip (die). As regards alignment marks 
of the substrate 100, alignment marks are already 
formed at positions as depicted by crosses 10 and 
triangles 11. Alteimatxvely, alignment marks are 
going to be produced at these positions. At each 

25 position of the cross 10, there is an alignment mark 
12 (Figure IC) which is a mark for position 
measurement with respect to X direction. At each 
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position of the -triangle 11, -there is an alignment: 
mark 13 which is a mark for position measurement with 
respect to Y direction. Here, an alignment mark may 
be an alignment mark having already been provided on a 
5 substrate, or it may be an alignment mark to be 

produced on the substrate for the subsequent process. 

In the chuck 1 of Figure lA, there are 
protrusions 2 which provide a carrying table for 
carrying a substrate 100 thereon and which support the 

10 substrate thereon. The protrusions 2 include rim type 
protrusions 2a each comprising a rim- like protrusion 
having its top surface finished with a high flatness 
and a vacuum suction groove formed at the center of 
the width of the top thereof. In this embodiment, 

15 these protrusion axe disposed along the scribe lines 
101 of the shots on the substrate 100, and thus about 
the scribe lines 101. With the layout of the rim type 
protrusions 2a as described above, when the substate 
100 is attracted and held by the chuck 1, alignment 

20 marks of the substrate can be constantly placed above 
the protrusions 2a. Denoted at 3 is a ring-like 
protrusion being provided at an outer peripheral 
portion of the chuck 1. It comprises a rim-like 
protrusion and a vacuum suction groove. Denoted at 4 

25 is a region between the ring-like protrusion 3 and the 
protrusions 2a. In the region 4, substrate supporting 
protrusions and vacuum suction groove may be provided. 
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as required- Deno-ted at 5 are suction holes which are 
communicated with a vacuum suction unit 8 (Figure 2) 
for holding a substrate by attraction. These holes 
are formed to be coromvinicated with suction grooves of 
5 the protrusions 2a and 3, respectively. Denoted at 6 
are opening bores for adjusting a gas pressure in a 
space between the chuck 1 and the substrate 100 as 
attracted and held by the chuck 1 . Each of these 
bores 6 is formed in a zone as divided by the 

10 protrusions 2a, that is, in a portion inside a shot of 
the siibstrate 100. As shown in Figure 2, these bores 
6 are communicated with a pressure adjusting unit 7. 
Further, the protrusions 2a and 3 of the carrying 
table for supporting the substrate 100 may preferably 

15 be arranged so that the total area contacting the 
substrate 100 is 10% or less of the area of the 
substrate surface. 

With the structure of the chuck 1 described 
above, the substrate 100 when placed on the chuck 1 is 

20 attracted by suction through the suction holes 5 in 
response to the operation of the vacuum suction unit 
8, whereby it is attracted to and held on the rim type 
protrusions 2a and 3. Then, by controlling the 
pressure adjusting unit 7, gas discharging or gas 

25 supplying is performed to the space between the chuck 
1 and the substrate 100 being attracted and held by 
the chuck 1, whereby the pressure in that space can be 
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adjusted. 

As described above, when tlxe substrate 100 is 
held by vacuiim attraction while being aligned with the 
chuck 1 as in this embodiment, the scribe line 101 
5 portion of the substrate is attracted and secured by 
the vacuum suction grooves provided at the protrusions 
2a, disposed along the scribe lines 101 of the shots 
of the substrate 100. As a result of it. as shown in 
Figure 2, a flexure deformation is caused at the 

10 surface of the substrate 100. Such deformation of the 
substrate surface also causes distortion of the 
substrate along a horizontal plane. Namely, due to 
such horizontal distortion, in each shot there arise 
errors in coordinate as a result of deformation of 

15 the substrate surface, such as shown in Figure 3, for 
example. In Figure 3, each dot depicts a position 
inside a shot on the substrate, and the length of each 
line represents the magnitude of the coordinate error 
in the position at that dot. Since these coordinate 

20 errors in each shot are determined by the amount of 
inclination of the substrate surface, the coordinate 
error is small in a portion where the tilt of the 
substrate surface Is small, near horizontal. In 
Figure 2, at the scribe line 101 portion as denoted at 

25 21 and at the central portion of a shot as denoted by 
22, the coordinate error is small (in Figure 3, the 
portion corresponding to the scribe line 101 portion 
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at 21 is not illustrated). Therefore, if the 
alignment marks 12 and 13 of the substrate 100 are 
provided inside a shot (except the scribe line), then 
they are largely influenced by the coordinate errors 
5 such as shown in Figure 3. In this embodiment, 
however^ the alignment marks of the substate are 
disposed inside the scribe line 101, This portion of 
the substrate corresponds to the position shown at 21 
in Ficfure 2, and it is supported by the rim type 

10 protrusions 2a having a vacuum suction groove. As a 
result, the position where an alignment marks is 
present is held substantially horizontal and, 
therefore, the alignment mark can be kept 
substantially without being influenced by the 

15 coordinate error caused by the attraction and holding 
of the substrate. 

Even in cases where the procedure for the 
substrate processing advances and changing the the 
alignment mark forming position becomes necessary, the 

20 same advantageous results are attainable by selection 
of any position, as long as it is inside the scribe 
line. Further, in this embodiment, the central 
portion of the shot corresponds to the position shown 
at 22 in Figure 2, and it is the position not 

25 influenced by the coordinate error resulting from the 
deformation of the substrate surface by the substrate 
attraction. Therefore, an alignment mark can be 
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formed there. Furthermore, by adjusting the gats 
pressure in the space between the chuck 1 and the 
STohstrate 100 through the function of the pressure 
adjusting unit 7, the region not influenced by the 
5 coordinate error as denoted at 22 in Figure 2 can he 
extended. Thus, the region without being influenced 
by the coordinate error can be extended as required, 
such that the region for placement of alignment marks 
can be enlarged. 

10 The alignment mark 12 shown in Figure IC is a 

mark for position detection with respect to X 
direction. The necessary condition for the location 
of the mark to avoid the influence of the coordinate 
error resulting from deformation of the substrate 

15 surface, is that the substrate surface has no 

inclination at least in x direction. Any inclination 
in y direction does not affect the position detection 
in the X direction. Similarly, the alignment mark 13 
shown in Figure IC is a mark for position detection 

20 with respect to Y direction. The necessary condition 
for the location of the mark to avoid the influence of 
the coordinate error resulting from deformation of the 
substrate surface, is that the substrate surface has 
no inclination at least in Y direction. Any 

25 inclination in X direction does not affect the 

position detection with respect to Y direction. In 
consideration of the above, in this embodiment, a mark 
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for position de-tectioii in X direction may preferably 
be provided on a scribe line which is substantially 
parallel to the X direction, while a mark for position 
detection in Y direction may preferably be provided on 
5 a scribe line which is substantially parallel to Y 
direction. 

As described above, the whole or a portion of 
the layout of protrusions of the carrying table which 
are distributed on the carrying surface of the chuck 

10 for carrying a siibstrate^ Is determined so that a 
particular positional relationship or a particular 
shape is defined thereby with respect to the positions 
of all the alignment marks of the substrate or to the 
positions where alignment marks are going to be 

15 produced. Thus, if, for example, the positions of all 
the alignment marks of the substrate or the positions 
where alignment marks are to be produced are set to be 
placed above the protrusions of the carrying table, 
then the alignment marks are not influenced by the 

20 deformation of the substrate surface, resulting from 
the attraction and holding of the substrate. 
Consequently, the coordinate error of the alignment 
mark resulting from the deformation of the substrate 
surface can be reduced and, thus, degradation of the 

25 substrate processing precision or of the registration 
precision can be prevented effectively. 
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[ Second Embodimenl: ] 

Referring now to Figure 4, another embodiment 
of a substx-ate aftr-acting and holding system of the 
present invention will be described. 

In this entbodiinent , as regards the 
protrusions for supporting a substrate, the rim type 
protrusions 2a of the embodiment shown in Figure lA 
are replaced by pin contact type protrusions 2b and, 
additionally, th© alignment mark forming positions 10 
and 11 of the substrate 100 shown in Figure IB are 
placed at centers of the disposed protrusions 2b. In 
Figure 4, scribe lines 101 of the substrate are 
depicted by broken lines, and crosses and triangles at 
10 and 11 correspond to the alignment mark forming 
positions. Placing each alignment mark at the center 
of the disposed pin contact type protrusions 2b as 
illustrated is equivalent to providing an alignment 
mark at a position 22 in the sectional view of Figure 
2 where there is flexure of the substrate. At the 
central portion of the protrusion layout, the 
coordinate error is small as the central portion 
illustrated in Figure 3, 

Further, in this embodiment, the support for 
the processing region of the substrate is all provided 
by the pin contact type protrusions 2b and, therefore, 
the contact area between the chuck and the substrate 
can be made smaller than that in the preceding 
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emtJodLiment: . This is effee-tive ±o fur-tlier reduce the 
influence of a foreign particle caught between the 
chuck 1 and a substrate held thereby. 

Further, even when changing the aligniufant 
5 mark forming position becomes necessary with the 

advancement of the procedure of substrate processing, 
the same advantageous results are attainable in this 
embodiment by providing another alignment mark at the 
center of other protrusions 2b. Further, in this 

10 embodiment, the location of the substrate surface to 
be placed just above the pin contact type protrusions 
2b is at the position corresponding to the position 21 
in Figure 2. It is the position not influenced by the 
coordinate error attributable to the deformation of 

15 the substrate surface caused by the holding of the 
substrate. Thus, an alignment mark can be provided 
there . 

Further, in the embodiment of Figrure 4, there 
is alignment marks provided on the chuck 1, for 

20 bringing the chuck 1 and the substrate 100 into a 
particular positional relationship. More 
specifically, in a portion of the chuck 1 not to be 
covered by a substrate 100 as the same is attracted 
and held by the chuck, for example, at zones 9, plural 

25 sets of alignment marks such as at 12 and 13 in Figure 
IC may be provided. Like the preceding embodiment, 
the substrate lOO may be provided with alignment marks 
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12 {Figure IC) at positions of crosses 10, and 
alignment: marks 13 (Figure IC) at positions of 
triangles 11- Ttie positional relation between the 
cliuck 1 and tiie substrate 100 held by the chuck 1 may 
5 be measured by using an alignment scope 108 (see 
Figure 8) and a chuck stage 107 (Figure 8) of an 
exposure apparatus, and the positional relation 
between them may be adjusted by using a driving 
mechanism (not shown). Thereafter, the substrate 100 

10 may be held fixed. With this procedure, the alignment 
mark layout on the substrate and the protrusion layout 
of the chuck can be brought into a particular 
positional relationship such as, for example, placing 
each alignment mark of the substrate at the center of 

15 the layout of the pin contact type protrusions 2b of 
the chuck 1. The alignment marks may be those 
generally used for registration of a projected image 
of a reticle with a substrate. Since exposure 
apparatuses axe usually equipped with the fxmction of 

20 an alignment scope, advantageously there is no 

necessity of adding a special fxxnction to the exposure 
apparatus . 

[Third Embodiment] 
25 Figure 5 shows a substrate attracting and 

holding system according to another embodiment of the 
present invention. This embodiment is an example 
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wherein -the protrusion for supporting a substrate is 
not provided with a vacuum suction groove. As regards 
the protrusion, this embodiment uses pin contact type 
protrusions 2b like those of the embodiment of Figure 
5 4. Further, the suction holes 5 communicated with a 
vacuum suction unit in the Figure 4 embodiment are 
formed as opening bores 6 being communicated with a 
pressure adjusting ixnit 7. In this embodiment, with 
this pressure adjusting unit 7, the gas pressure in 

10 the space between the chucJc 1 and the substrate 100 is 
ad:justed at a negative pressure side, relative to the 
pressure at the top face of the substrate, whereby a 
substrate attracting function is provided also with 
this adjustment. Siib st ant i ally the same advantageous 

15 results as of the embodiment of Figure 2 are 

attainable with this structure. Further, in the 
embodiments of Figures 2 and 5, the structure may be 
modified so that different pressure adjustments are 
performed to the opening bores 6 opposed to the 

20 substrate 100. This meets substrates having a warp as 
a whole or a large local flexure, for example. 

[Fourth Embodiment] 

Referring to Figures 6A - 6C, a substrate 
2 5 attracting and holding system according to another 

emhodiment of the present invention will be described. 
In the embodiments described above, the 
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alignment mark forming position is placed, inside "the 
shot layout (an array of plural processing regions) 
such as upon a scribe line of a substrate or at a 
central portion of a shot on the substrate- This 
5 embodiment concerns an example wherein alignment marks 
of a substrate are provided outside the shot layout 
and wberein the coordinate error of the alignment mark 
ccin be reduced without being influenced by deformation 
such as a flexure of the substrate surface caused by 
the substrate holding and attraction. 

Figure 6A is a plan view of a chuck according 
to this embodiment, and Figure 6B is a plan view of a 
siibstrate to be attracted and held by the chuck. 
Figure 6C shows the relationship between substrate 

15 supporting protrusions of the cbuck and alignment: mark 
forming positions on the substrate. 

In the substrate 100 to be attracted to and 
held by the chuck 1 of this embodiment, as shown in 
Figure 6B, there are X-direction position measuring 

20 alignment marks 10 (depicted by crosses) and Y- 
direction position measuring alignment marks 11 
(depicted by triangles) which are provided outside the 
shot layout (an array of plural processing regions as 
divided by scribe lines 101). 

25 The chuck 1 of this embodiment has, as shown 

in Ficfure 6A, substrate supporting protrusions of a 
carrying table which comprise a number of pin contact 
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type protrusions 2b disposed in a grid-like array 
inside ttie region corresponding to the shot layout of 
the substrate, as well as a ring- like rim type 
protrusion 3 including a rim-like protrusion formed at 
5 an outer peripiieral portion of the chuck I and a 

vacuum suction groove. Further, there are a number of 
pin contact type protrusions 2b(o) wliich are arrayed 
in an oblong shape at plural locations (eight 
locations in the drawing) inside a region 4 between 

10 the ring-like protrusion 3 at the outer peripheral 

portion and the pin contact type protrusions 2b (i.e., 
the region outside the shot layout of the substrate). 
Additionally, there are suction holes 5 being 
conununicated with a vacuum suction unit for attraction 

15 of a substrate, which holes are provided in the vacuum 
suction groove of the rira type protrusion 3 and also 
in tbe region 4 between tbe ring-like protirusion 3 at 
the outer peripheral portion and the protrusions 2b- 
The pin contact type protrusions 2b(o) arrayed in an 

20 oblong shape are disposed to surround the alignment 

mark forming positions 10 and 11 on the substrate 100, 
as illustrated. Additionally, these protrusions are 
placed in such positional relationsiiip that the 
alignment mark forming positions 10 and 11 of the 

25 substrate is set at a location wbere there occurs no 
coordinate error as a result of deformation of the 
surface of the substrate as the same is attracted, for 
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example, at a position equivalent to the position 22 
stiovm in Figure 2, not being influenced by the 
coordinate error. Also, the pin contact type 
protrusions 2b arrayed in a grid are disposed with a 
5 spacing (pitch) corresponding to 1/10 of the spacing 
(pitch) of the shots on the substrate 100. 

With the structure of this emhodiment as 
described above, even in a case where alignment marks 
of the substrate are formed outside the shot layout, 

10 when the sxibstrate 100 is attracted and held by the 
chuck 1, the portion surrounding the alignment mark 
forming positions 10 and 11 of the siibstrate is 
supported by the pin contact type protrusions 2b(o) 
arrayed in an oblong shape. Further, the alignment 

15 mark forming positions 10 and 11 are placed in such 
positional relationship with the pin contact type 
protrusions 2b(o) of oblong shape array that they are 
located at a place where no coordinate error occurs. 
Therefore, the influence of deformation of the 

20 substrate surface such as warp caused by attraction 
and holding of the substrate can he avoided. The 
coordinate error of the alignment mark can be 
reduced, and degradation of the substrate processing 
precision or registration precision can be prevented. 

25 As long as the alignment mark forming 

position on the substrate is placed at a location 
equivalent to the position 22 in Figure 2 relatively 
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to tiie siabstrate supporting protrusions as the 
substrate is attracted and held thereby, the substrate 
supporting protrusions are not limited to the pin 
contact type protrusion and they may be provided by a 
5 rim type protrusion or protrusions. Further, the 
shape of the array of the substrate supporting 
protrusions surrounding the alignment mark forming 
position is not limited to an oblong shape. It may 
have a triangular shape, a polygonal shape or an 

10 elliptical shape. Further, a substrate supporting 

protrusion may be provided at a portion corresponding 
to the alignment mark forming position outside the 
shot layout of the siibstrate, so that the alignment 
mark forming position of the substrate is supported by 

15 this supporting protrusion. This enables that the 
alignment mark forming position is supported 
substantially horizontally, like the position 2.1 shovm 
in Figure 2, thereby to remove the coordinate error of 
the alignment mark. In that occasion, similarly, 

20 degradation of the substrate processing precision and 
registration precision can be prevented - 

[Fifth Embodiment] 

Referring to Figures 7A - 7C, a substrate 
25 attracting and holding system according to another 

embodiment of the present invention will be described. 
This embodiment is a modified form of the 
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embodiment shown in Figures 6A - 6C. Like the 
preceding embodiment, when alignment marks of a 
substrate are formed outside the shot layout, this 
embodiment enables reduction of a coordinate error of 
5 the alignment mark without being influenced by 

deformation of the substrate surface such as flexure 
caused by attraction and holding of the substrate. 

Figure 7A is a plan view of a chuck of this 
en±>odiment, and Figure 7B shows the relationshii) 

10 between siibstrate supporting protrusions of the chuck 
and alignment mark forming positions on a substrate. 
Figure 7C is a fragmentary perspective view in which a 
portion around an alignment mark forming position of a 
substrate as the same is attracted and held on t:he 

15 chuck is illustrated in a section. 

The substrate 100 to be attracted and held by 
the chuck 1 of this embodiment is similar to that 
shown in Figure 6B, and there are alignment mark 
forming positions 10 (depicted by crosses) and 

20 alignment mark forming positions 11 (depicted by 

triangles) which are disposed outside the shot layout. 
The chuck 1 of this embodiment has, as shown in Figure 
7A, substrate supporting protrusions of a carrying 
table which comprise a number of pin contact type 

25 protrusions 2b disposed in a grid-like array inside 
the region corresponding to the shot layout of the 
substrate, as well as a ring- like rim type protrusion 
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3 including a. rim-like protrusion formed at an outer 
peripheral portion of the chuck 1 and a vacuum isuction 
groove. Further, there are a nizmher of pin contact 
type protrusions 2c (o) which are arrayed In an oblong 
5 shape at plural locations (eight locations in the 
drawing) inside a region 4 between the ring-like 
protrusion 3 at the outer peripheral portion axid the 
pin contact type protrusions 2b (i.e., the region 
outside the shot layout of the suhstrate). 

10 Additionally, there are suction holes 5 being 

communicated with a vacuum suction unit for attraction 
of a stabstrate, which holes are provided in the vacuum 
suction groove of the rim type protrusion 3 and also 
in the region 4 between the ring-like protrusion 3 at 

15 the outer peripheral portion and the protrusions 2b. 
Also, there are opening bores 6 in the zones as 
defined by the rim-like protrusions 2c{o) disposed in 
an oblong shape, which bores are communicated with a 
pressure adjusting unit 7 (Figure 7C). This pressure 

20 adjusting unit 7 serves to perform gas discharging or 
gas suction to the space between the chuck 1 and the 
siibstrate 100 as the substrate is held by the chuck, 
to thereby adjust the gas pressure in that space. The 
pin contact type protrusions 2c(o) arrayed in an 

25 oblong shape are disposed to surround a portion 

corresponding to the alignment mark forming positions 
10 and 11 on the substrate 100, like the embodiment of 
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Figures 6A - 6C. Additional ly, these protrusions are 
placed iii such positional relationship that the 
alignment mark forming positions 10 and 11 of the 
substrate are set at a location where there occurs no 
5 coordinate error as a result of deformation of the 

surface of the substrate as the same is attracted, for 
example, at a position equivalent to the position 22 
shown in Figure 2, not being influenced by the 
coordinate error. 

10 With the structure of this embodiment as 

described above, in addition to the advantageous 
effects as attainable with the embodiment of Figures 
6A - 6C, the gas pressure inside the space between the 
chuck 1 and the substrate 100 at the zone as separated 

15 by the rim-like protrusions 2c(o) can be adjusted by 
gas discharging or gas suction made to that space by 
means of the pressure adjusting unit 7. This enables 
adjustment of the amoxxnt of flexure of the siabstrate 
100 in that region, as the same is supported by the 

20 rim-like protrusions 2c(o) when the substrate is 
attracted and held. Thus, it enables appropriate 
adjustment of the surface deformation of the substrate 
100 at the alignment mark forming positions or of a 
portion around them, thereby to perform flatness 

25 correction of the substrate surface. This extends the 
region of the substrate surface not influenced by the 
deformation such as flexure, for example, to be caused 
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by al:t:ract:ion and holding of -the substrate, amd thus 
enlargement of the region where an alignment mark can 
be formed. 

In accordance with this embodiment, as 
5 described, the alignment mark forming positions 10 and 
11 of the sizbstrate are not influenced by deformation 
such as flexure of the svibstrate surface due to the 
attraction and holding of the substrate, such that the 
coordinate error of the alignment mark can be avoided 

10 positively. Further, the substrate in the zone as 

divided by the rim-like protrusions 2c(o) can be held 
substantially horizontally and, therefore, the range 
for forming an alignment mark can be enlarged. Thus, 
also with this embodiment , degradation of the 

15 substrate processing precision or registration 
precision Ccin be prevented. 

In the embodiments as described above, the 
position of an alignment mark or the position where ain 
alignment mark is to be formed and a protrusion layout 

20 adjacent to that position are placed in a particular 
positional relationship with each other. More 
specifically, the positions of alignment marks of the 
substrate or the positions where alignment marks are 
going to be produced are set at such location less 

25 influenced by deformation of the substrate surface 
resulting from the attraction and holding of the 
siibstrate. This effectively reduces the coordinate 
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error of the alignment mark resulting from the 
deformation of the siobstrate surface. 

As regards the alignment mark position or the 
alignment mark forming position, when the position of 
5 an aligninent mark of a substrate or the position where 
an aligninent mark is to be produced and the layout of 
substrate supporting protrusions adjacent to it is 
placed in a particular positional relationship, it is 
possible to predict deformation of the substrate 

iO surface due to the attraction and holding of the 

siibstrate. Therefore, it is possible to predict and 
estimate the coordinate error of the alignment mark 
to be caused by the deformation of the substrate 
surface. Thus, when the alignment mark is measured, 

15 correction may be made to the measurement result to 

correct the coordinate error of the alignment mark due 
to deformation of the substrate, as calculated 
beforehand. This accomplished further reduction of 
the adverse influence. 

20 Even if the alignment mark position or the 

alignment mark foirming position can not be set exactly 
at the location as described in the preceding 
embodiments, an exposure apparatus such as shown in 
Figure 8, for example, may be used to calculate the 

25 coordinate error of the alignment mark on the basis of 
the combination of the disposition of the alignment 
mark on the substrate or the alignment mark forming 
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position and the disposition of the protrusions of t:he 
chuck. By taking the result of calculation into 
account for the result of detection of the alignment 
mark through an alignment scope, magnification 
5 adjustment or distortion adjustment of a projection 
optical system may be made. This enables optimum 
superposition of a projected image of a reticle with a 
pattern on the substrate. 

The calculation of the coordinate error may 

10 be made by using a function for calculation of the 

coordinate error, or alternatively it may be made by 
using a table prepared in accordance with the 
positional relation between the alignment mark 
position or alignment mark forming position and the 

15 protrusions adjacent to it. 

[Sixth Embodiment] 

Referring to Figure 8, an exposure apparatus 
will be described. 

20 Denoted in Figure 8 at 103 is a reticle or 

mask (hereinafter, "reticle") which is an original 
having formed thereon a pattern to be transferred by 
exposure to a substrate 100 such as a wafer, for 
example. The reticle 103 is held by a reticle stage 

25 106. Denoted at 107 is a chuck stage which is movable 
along a horizontal plane (X-Y plane) while carrying a 
chuck 1 thereon. Denoted at 108 is an alignment scope 
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for measuring tiie posi-tional rela-tionshlp between the 
exposure apparatus and the substrate or between the 
substrate and the chuck. Denoted at 111 is a 
projection optical system having a function for 
5 adjusting magnification or distortion of a projection 
lens. Denoted at 112 is a control unit for 
calculating or calibrating a coordinate error of an 
alignment mark due to distortion of the substrate 
surface, with respect to the result of detection of 

10 the alignxnent mark, and for specifying the adjustment 
of the projection optical system 111. 

Exposure light passing through the reticle 
103 is reduced in scale by the projection optical 
system 111, and it is projected on a substrate 100 

15 being attracted and held by the chuck 1, The 

substrate 100 is coated beforehand with a small 
thickness resist material which is a photosensitive 
material adapted to effectively cause a chemical 
reaction in response to irradiation with the exposure 

20 light. It functions as an etching mask in a 
subsequent process . 

With the structure of the exposure apparatus 
as described above, an error in the coordinate of an 
alignment mark to be produced by deformation of the 

25 substrate surface attributable to the attraction and 
holding of the substrate can be calculated once the 
combination of the alignment mark forming position 
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inside the substrate and the disposition of the 
protrusions of the chuck is determined. Therefore, 
even if the alignment mark position can not be set 
exactly at the location as described with reference to 
5 the preceding embodiments, the coordinate error of the 
alignment mark can be calculated by the control unit 
12 on the basis of the combination of the alignment 
mark disposition on the substrate and the disposition 
of the substrate supporting protrusions of the chuck. 

10 By taking the result of calculation into account in 
respect to the result of detection of the alignment 
mark through the alignment scope 108, the 
magnification or distortion of the projection optical 
system 111 can be adjusted to assure optimum 

15 superposition of a projected image of the reticle 103 
with the pattern of the substrate 100. 

A tolerance of alignment for an alignment 
mark of a substrate with the disposition of 
protrusions of a chuck for supporting the substrate 

20 can be estimated by approximation using a model such 

as follows. Figure 9a shows flexure of a substrate as 
attracted to and held by protrusions. Figure 9B shows 
a model of a beam having both ends fixed, which 
receives an even distributed load. Figure 9C is a 

25 view for explaining the relation between the substrate 
surface and a neutral plane not deformed by the 
flexure of the substrate. 
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Wliere -the spacing between protrusions 2 for 
supporting tJie substrate is 1, the flexure of tiie 
sxibstrate is such as shown in Figure 9A. In this 
case, as regards a material dynamic model, a model of 
a beam having both ends fixed and receiving an even 
distributed load such as shown in Figure 9B applies. 
According to "Mechanical Engineering Handbook", 
edited by Japanese Mechanical Engineering Association, 
Maruzen Co., if a load per a unit length as determined 
by a vacuum pressure p or the like is w, a sectional 
secondary moment is I, the spacing between the 
protrusions is 1, and a longitudinal elasticity 
coefficient is E, then the flexure v of the substrate 
at a position x with respect to a direction from a 
protrusion end as an origin to a juxtaposed protrusion 
as well as the inclination i o£ the sxibstrate are 
expressed as follows; 

v= (wl'*/24EI ) [x2/l2_2x^/l3+x^/l^] ...(1.1) 
i = (wl3/l2EI) [x/l-3x2/l2+2x^/l3] ...(1.2) 
Here, when a thickness h of the substrate and a width 
b thereof shown in Figure 9B are used, it follows 
that there are relations such as follows: 

I = bh3/12 ...(1.3) 

w = pb (1.4) 

In Figure 9C, a dash-and-dot line passing about the 
center of the thickness h depicts a neutral plane 
which is not elongated or contracted in x direction. 
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at any x position thereof. With respect to this 
neutral plane, depending on the location there occurs 
an elongation/contraction in X direction of the 
substrate surface. Since the distance from the 
5 neutral plane to the suhstrate surface is influenced 
by the processing state of the substrate or the 
attraction state thereof, taking k as a neutral plane 
correction coefficient, the coordinate error d of the 
STxbstrate surface can be expressed as follows: 
10 d = k(hi/2) = k(hwl3/24EI) [x/l-3x2/l2+2x3/l3] 

- - , (1,5) 

From this, it follows that: 

d = f(x) = k(pl3/2h2E)[x/l-3x2/i2+2x3/l2] 

... (1-6) 

15 The tolerance for the alignment error (i.e., the 

difference between the value z in an idealistic state 
and the value x^ being shifted practically) between 
the disposition of the alignment mark of the siibstrate 
and the disposition of the protrusion of the chuck, if 

20 a tolerance for the coordinate error not adversely 

influential to the alignment is set, can be detected 
from equation (1,6) above, since the values p, h, E 
and I are known as determined by the apparatus or the 
substrate to be used in practice- If the tolerance 

25 for the coordinate error is denoted by d^,, then the 
alignment error tolerance x^, can be determined to 
satisfy equation (1.7) below: 



-42- 



<5c ^ f (xc)-f (xq) . . , (1.7) 

Practically, while the two-dimensional disposition of 
the protrusions is taken into accoiint, equation (1.6) 
as the same is advanced may be used, with a result of 
5 a higher accuracy. 

Referring to Figure 10, a mechanism for 
changing suiistrates and chucks in accordance with the 
present invention will now be described. 

In the present invention, when the 

10 disposition of the alignment mark of the substrate is 
changed and, as a result, the predetermined positional 
relation with the disposition of the protrusions of 
the chuck is changed, the chuck has to be replaced by 
another. Figure 10 shows a mechanism for changing 

15 chucks without decreasing the throughput. 

In Figure 10, denoted at 116 is a chuck 
cassette for accommodating therein plural chucks la, 
lb, each having protrusions disposed in 

accordance with the processing shape for substrates, 

20 Denoted at 117 is a conveyance robot for unloading a 
desired chuck from the chuck cassette 116 and for 
conveying the same onto a chuck stage 107 on which an 
exposure process or the like is to be perfonaed. 
Denoted at 123 is a substrate cassette for 

25 a ccontmo dating therein plural substrates to be 

processed. Denoted at 124 is another conveyance robot 
for unloading each substrate 100 from the substrate 
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casse-tte 123 and for conveying the same onto a 
prealignment stage 125. Denoted at 127 is a 
conveyance robot for moving a substrate, having been 
prealigned by the prealigiunent stage 125 onto the 
5 chuck 1 already mounted on the X-Y stage 107. 

With the structure of the mechanism described 
above, a substrate 100 to be processed is taken out of 
the substrate cassette 123 by the conveyance robot 
124. Generally, it is placed on the prealignment 

10 stage 125 having an outer peripheral shape detecting 
sensor 126 for the substrate, and a rough alignment 
operation of the same with respect to a projected 
image in an exposure apparatus is performed there. 
During this prealignment operation, the chuck is 

15 replaced by a necessary chuck 1 by means of the chuck 
conveyance robot 117 and between the chuck stage 107 
and the chuck cassette 116. This enables use of a 
chuck suited to the stibstrate, without a large 
decrease of the throughput. 

20 It is to be noted here that the substrate 

attracting and holding method and the substrate 
attracting and holding system of the present invention 
are not limited to use in an exposure apparatus. They 
may of course be used in a liquid crystal sxibstrate 

25 manufacturing apparatus, a magnetic head manufacturing 
apparatus, various inspection machines for a 
semiconductor, or the manufacture of micro-machines. 
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for example. 

In accordance with the present invention as 
described hereinbefore, the position of an aligiunent 
mark of a substrate or the position where an alignment 
5 mark is going to be formed can be set at a specific 
location in relation to flexure of a siobstrate to be 
attracted and held, to thereby avoid an adverse 
influence of a coordinate error of the alignment error 
due to flexure of the substrate surface. Further, the 

10 coordinate error of the alignment mark can be 

calculated beforehand from the positional relationship 
between the alignment mark and the disposition of an 
protrusion for supporting the substrate adjacent 
there. On the basis of the result of calculation, the 

15 coordinate error of the alignment mark can be 
corrected . 

Thus, in an exposure apparatus, degradation 
of the pattern overlay precision due to the influence 
of surface flexure, for example, of the substrate 
20 caused by the attraction and holding of the same, can 
be avoided, and production of a defect of a 
semiconductor device resulting from the shape of the 
substrate surface can be prevented. 

25 [Seventh Embodiment] 

Next, a substrate attracting and holding 
system according to another embodiment of the present 
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invention will be described. 

Figures llA and IIB sliow an embodiment of a 
substra-fce a-fctracting and holding system according to 
the present invention, wherein Figure llA is a plan 
5 view and Figure IIB is a fragmentary sectional view 
thereof. Figure 12 is a plane showing a further 
embodiment of a stabstrate attracting and holding 
system of the present invention. 

In Figures llA and IIB, denoted at 301 is a 

10 chuck (substrate attracting and holding system) to be 
mounted on an X-Y stage of a semiconductor exposure 
apparatus, for example. The chuck has a supporting 
surface on which a substrate such as a wafer is to be 
placed, and the supporting surface is provided by a 

15 plurality of pin-like protrusions 310, 313 and 314 
(which will hereinafter be referred to also as a 
"pin") for supporting a substrate. The free top end 
of each protrusion is finished into a super flat face 
by a high-precision lapping process. 

The pin-like protrusions 310 shown in Figures 
llA and IIB have a pin diameter of 0.2 ram, and they 
are juxtaposed in a grid- like array with a disposition 
pitch of L mm. There is at least one suction hole 311 
for vacuum attraction, at the top face of the chuck. 

25 which is communicated with a vacuum source. In place 
of the grid-like disposition of the pin-like 
protrusions 310. they may be arrayed concentrically as 
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shown in Figure 12. They may be disposed in a 60-deg. 
staggering array, or they may be disposed at random 
with a pin pitch of L mm or less. An array based on 
combination of those described above may be useii. 

At the outer peripheral portion of the chuck 
1, there are a plurality of pin-like (outer 
peripheral) protrusions 313 disposed in a 
circumferential shape, for supporting the outer 
peripheral portion of a substrate. Also, there is a 
ring-like partition wall 312 just inside the outer 
peripheral protrusions 313. The ring-like partition 
wall 312 has a height which is lower than the top face 
of the protrusions 313 by about 1 to 2 microns. This 
is because, with a gap of about 1-2 microns, n 
decrease of vacuum pressure for attraction is so small 
that it causes no problem. On the other hand, even if 
a dust particle of a diameter smaller than the 
difference of 1 - 2 microns is adhered to the 
partition wall 312, it does not contact the substrate. 
Thus, it does not cause an increase of the contract 
rate- In Figures llA and IIB, denoted at 314 are 
protxTjsions disposed along a circumference inside the 
outermost protrusions 313 by one pitch, and they are 
disposed in juxtaposition to the inside face of the 
ring-like partition wall 312. 

With the structure of the chuck 1 described 
above, the substrate 302 such as a wafer is placed on 
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the supporting surface of tHe chuck and, through 
vacuum suction applied in response to the operation of 
the vacuiam source via the suction holes 311, the 
substrate 302 is supported on the chuck and attracted 
5 and held by the protrusions 310, 313 and 314 as shown 
in Figures 13 or 19. Here, between the protrusions, 
the wafer (substrate) 2 is deformed and flexed by the 
vacuTom attraction force, and the flatness of the wafer 
is degraded. Also, due to the flexure of the wafer, 

10 the wafer surface is distorted in horizontal 

directions to cause a positional deviation and thus a 
wafer distortion. 

Now, the wafer flatness and the amount of 
wafer distortion will be considered, using a material 

15 dynamics model. 

Figure 13 is a sectional view showing the 
flexure at the portion of a wafer 302 where, in the 
central portion of the chuck 301, there are pin-like 
protrusions 310 juxtaposed continuously along one 

20 direction with a pin pitch L, when the wafer is 
attracted and held thereby. in this example, as 
regards a material dynamics model, a model of a beam 
having its apposite ends fixed and receiving an even 
distributed load, as shown in Figure 14, applies. 

25 Here, if the width of the beam is b, the 

thickness thereof is h, and the sectional secondary 
moment is 1 , it follows that: 
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I = (b.h-=')/12 . . , (2.1) 

If the vacuim pressure is p and the load per a unit 
length is w, it follows that: 

w = p*b . . . (2.2) 

Where the length of the beam is L and the longitudinal 
elasticity coefficient is E, the maximuLtn flexure 
amount v of the beam is given by: 

V = (w.L^)/(384.E.I) ...(2.3) 
By modifying equation (2.3) by using equations (2.1) 
and (2.2), it follows that: 

V = (P.L'*)/(32.E»h^) ...(2.4) 
Namely, this means that the largest flexure amount v 
of the beam is not dependent upon the width b but, 
rather, it is determined by the vacuum pressure p, the 
beam length L, the longitudinal elasticity coefficient 
E and the thickness h. Then, the largest flexui-e 
amount v corresponds to the wafer flatness. 

Next, where the coordinate of the beam in its 
lengthwise direction is x and the bending moment is M. 
it follow that: 

M= (w.l2/2)[-1/6+x/L-x2/l2] ...(2.5) 
Figure 15 shows the relation (curve 15) between the 
coordinate x and the moment M as well as the flexure 
curve (curve 16) of the beam. As seen also from 
Figure 15, the moment M is negative in ranges a and c 
of the coordinate x, whereas it is positive in a range 
b. Also, at two positions xl and x2 where M becomes 
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equai to zero, the tilt angle of the beam flexure 
curve becomes largest. Where this largest tilt angle 
is denoted by CL, it follows that: 

Of = ( V3w.L^)/(216.E-I) ..-(2.6) 
5 When this is modified by using equations (2.1) .ind 
(2.2), it follows that: 

0( = (/3"-P-L3)/(i8.E.h3) ...(2.7) 
Since in practice a wafer has a thickness h, 
if it is illustrated with exaggeration, the result is 

10 such as shown in Figure 16. In Figure 16, a dash-and- 
dot line 17 passing through the middle of the 
thickness h depicts a neutral plane at any position on 
which there occurs no elongation or contraction. At a 
side of the neutral plane facing the wafer surface, 

15 due to the bending moment M, there occurs an 

elongation, by tension, in X direction within the 
ranges a and c of the coordinates x. In the range b. 
there occurs a contraction in X direction, by 
compression. On the other hand, at a side of the 

20 neutral plane facing the wafer bottom surface, there 
occurs a contraction, t>y compression, in the ranges a 
and c of the coordinate x, while there occurs an 
elongation in X direction, by tension, in the range b- 
The amount of elongation or contraction in the X 

25 direction is proportional to the distance from the 

neutral plane and also, it is proportional to the tilt 
angle of the neutral plane. Namely, a positional 
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devia-fcion to be produced by the elongation/contraction 
of the wafer surface in the X direction resulting from 
the attraction, becomes equal to zero at the positions 
x3, x5 and x7 where the tilt angle is zero, whereas it 
becomes largest at the positions x4 and x6 where the 
tilt angle is maximum. As regards the distance from 
the neutral plane to the wafer surface, in a case of a 
monocrystal Si wafer, it may be approximately equal to 
h/2. However, it may differ from h/2, depending on 
the material or uniformness of the wafer or the 
STibstrate, the process or processes having been 
applied to the surface or bottom surface, the state of 
attraction to the chuck, for example. Thus, by taking 
it as k-h/2 wherein k is the neutral plane correction 
coefficient and if the largest positional deviation is 
denoted by u, it follows that: 

u = [(h-0C)/2].k ...(2.8) 
When this is modified by using equation (2.7), 3.t 
follows that: 

u = [(V3''P»L3)/(36'E*h2)],k ..,(2.9) 
Namely, this means that the largest positional 
deviation amount u on the wafer surface is not 
dependent upon the width b but, rather, it is 
determined by the neutral plane correction coefficient 
k, the vacuum pressure p, the beam length L, the 
longitudinal elasticity coefficient E and the 
thickness h. Since the exposure process is performed 
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in this state, the image to be printed on the wafer is 
an Imagre being distorted relatively to the wafer by an 
amoTint corresponding to the positional deviation. 
Therefore, tbe largest positional deviation u 
5 corresponds to the wafer distortion. 

While the explanation above has been made to 
a one-dimensional beam model in respect to the portion 
where the pin-like protrusions 310 are juxtaposed 
continuously along one direction with a pin pitch L, 

10 practically the pin array comprises a two-dimensional 
array. Depending on the disposition used, such as 
grid-like disposition, circumferential disposition, 
60-deg. staggering disposition, random disposition or 
the like, the values of the largest flexure amount v 

15 and the largest positional deviation u are variable. 

In consideration of it, where the wafer flatness as a 
flat wafer is attracted in practice is , the wafer 
distortion is and the correction coefficients 
depending on the pin disposition are c-^ and C2, it 

20 follows that: 

= v-c^ = [{p.L^)/(32-E.h^)].Ci ...(2.10) 
Ui = U.C2 = [(/3*P»L^)/(36.E-h2)3.k.C2 .,.(2.11) 
In the case of grid-like disposition, as 
shown in Figure 17, since the largest flexure occurs 

25 at the position of the center 318 of four pins 319 - 
323, it can be regarded that the flexure becomes 
larger than that of a case where a beam 323 supported 
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by tlie pins 319 and 323 is considered and the flexure 
is calculated while taking the length as L. and also 
that it becomes smaller than that of a case where a 
beam 324 as supported by diagonal protrusions 319 and 
5 321, of the four pins, is considered and the flexure 
is calculated while taking the length as , 
Therefore, it can be regarded that the correction 
coefficient becomes equal to 1 to 4 (= (2^/^)^) 
while the correction coefficient C2 becomes egual to 1 

10 to 2.8 (= (2^/^)^). Since however the beam 324 

supported by the diagonal pins 319 and 321 and the 
beam 325 supported by the diagonal pins 320 and 322 
may be flexed independently, by the same amount, the 
value may be close to that as determined while taking 

15 the beam length as 1^*2^^^. 

On the other hand, in the case of 60-deg. 
staggering disposition, as shown in Figure 18, the 
largest flexure occurs at the position of the center 
326 of three pins. Therefore, it can be regarded that 

20 the flexure becomes larger than that of a case where a 
beam 331 supported by the pins 327 and 331 is 
considered and the flexure Is calculated while taking 
the length as L, and also that it becomes smallex- than 
that of a case where a beam 333 passing through the 

25 center 326 of the three pins and being supported by 
pins 327 and 328 is considered and the flexure is 
calculated while taking the length as L*2/3^/2. 
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Therefore, it can be regarded that the correction 
coefficient c^^ becomes e<iual to 1 to 1.8 (= (2/3^-^^)^) 
while the correction coefficient C2 becomes equal to 1 
to 1.5 (= (2/3^/^)-^). 
5 Further, in the case of circtimf erent ial 

disposition or random disposition, it may be 
considered as a modification of the grid-like 
disposition or the 60-deg, staggering disposition. 
Depending on the degree of modification, the values of 

10 the correction coefficients are changed. However, 
with a small modification, it can be regarded 
substantially the same as the grid-like disposition or 
the 60-deg. staggering disposition. The correction 
coefficients may be of the same values. 

15 In practice, the correction coefficients c-^ 

and C2 may be calculated on the basis of FEM, for each 
of different poi dispositions, by which they can be 
determined more accurately. Further, the correction 
coefficient Cj or k«C2 may be evaluated on the basis 

20 of experiments, by which it can be determined juore 
accurately. 

Since the wafer fla.tness and the wafer 
distortion as a flat wafer is attracted in practice 
are expressed by ectuations (2.10) and (2.11), if a 

25 wafer flatness tolerance as being tolerable in a chuck 
is dz and similarly the wafer distortion tolerance is 
dxdy, it follows that: 
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dz ^ [(P.L^)/(32.E.li3)].ci ,,.(2.12) 
dxdy ^ [(■/3"-P'L3)/(36.E']l2)].k'C2 ...(2.13) 
Here, once a wafer ( subs-tra-te ) to be attracted is 
determined, then the longitudinal elasticity 
5 coefficient E, the thickness h and the neutral plane 
correction coefficient k are determined. if the pin 
(protrusion) disposition is fixed, the correction 
coefficients Cj and C2 based on the pin disposition 
are determined. Therefore, a suitable combination of 
10 a vacuum pressure P and a pin pitch L, satisfying the 
conditions of e<juations (2.12) and (2.13), can iae 
selected. 

Namely, when equations (2.12) and (2.13) are 
modified, it follows that: 

15 [(32»E-h^*dz)/Ci]-(l/L^) ...(2.14) 

P< [(36-E'h2.dxdY)/(7T'k.C2)3 'Cl/L^) ...(2.15) 
Thus, by arranging the chuck with a vacuum pressure P 
and a pin pitch L, satisfying both of equations (2.14) 
and (2.15), the wafer flatness and the distortion can 

20 be made smaller than the tolerances dz and dxdy. 
respectively. 

On the other hand, as regards these two 
conditions/ if the pin pitch L is not greater than a 
certain value and as long as the condition of equation 

25 (2.15) is satisfied, the condition of equation (2.14) 
is also satisfied. This value for the pitch L can be 
determined under a condition that the right side of 
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egua-tion (2.15) is smaller "tlaan ±tie righ-t side of 
equation (2.14), and it is given as follows: 

CC8-/3*.k-C2)/(9-Ci)]'[(h-dz)/dxdy] ...(2.16) 
Namely, within the range in which the pin pitch L 
5 satisfies equation (2.16), a chuck with a vacuum 
pressure P and a pin pitch L satisfying equation 
(2.15) may be used. 

Thus, now a case wherein a typical Si wafer 
of a diameter 200 mm is attracted and held by a pin 

10 chuck having a grid-like pin disposition is 

considered. It is taken that the longitudinal 
elasticity coefficient E = LegxlO-*-^ N/m, the 
thickness h - 0.725 mm, the neutral plane correction 
coefficient k = 1, the correction coefficients cj = 4 

L5 and C2 = 2.8. Also, in a semiconductor process of 

0-25 micron rule, currently being mass-produced, the 
wafer flatness tolerance dz is SO nm, when taken as 
10% of the depth of focus 800 nm. The wafer 
distortion tolerance dxdy is 5 nm, when taken as 10% 

20 of the overlay precision 50 nm. Then, while taking 

the unit of pressure P is N/m^ and the xanit of pitch L 
is m, from equations (2.15) and (2.16), it follows 
that: 

P g 0.0033/L^ ...(2,17) 
25 L g 0.0125 . . . (2.18) 

It is seen that, when the pin pitch L is not greater 
than 12.5 mm, a vacuum pressure P and a pin pitch L 
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satisfying equation (2.17) may be used. Since, 
generally, tiie pin pitch L is not greater than 5 mm, 
to be described later, it applies to that. 

Here, it should be noted that, in the normal 
5 pin pitch, satisfaction of only equation (2.15) is 

accompanied by satisfaction of equation (2.14) means 
that there is a more strict condition involved in 
reducing the wafer distortion to a tolerance or 
smaller, as compared with improving the wafer 
10 flatness. In order to clarify this, the ratio of the 
wafer flatness Vj^ and the wafer distortion U^^ may be 
detected from equations (2.10) and (2,11). if follows 
that: 

Vl/Ui = [(9'Ci}/(8-/3.k'C2)]- (L/h) .,.(2.19) 
15 By substituting typical coefficients similar to those 
described above, into this equation, it follows that: 
Vi/JJi = 1280'L ...(2.20) 
This means that, if the pin pitch L is 2 mm, 
for example, there occurs a wafer distortion 
20 corresponding to 1/2.6 of the wafer flatness V^. 

Namely, it means that, if the tolerance for the wafer 
distortion is 5 nm, only a wafer flatness of 13 nm is 
allowed. This value is extraordinarily strict as 
compared with the wafer flatness tolerance of 80 nm, 
25 determined by the depth of focus. Also, if the pin 
pitch L is large, the rate of wafer distortion 
production relative to the wafer flatness becomes 
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small. It can not reach the rate of wafer distortion 
tolerance relative to the wafer flatness tolerance, 
unless a pin pitch L is set to 12.5 mm. 

Next, referring to Figure 25, the range of 
practical values for the vacuum pressure P and the pin 
pitch L will be described. Figure 25 is a graph 
wherein the pin pitch L is taken on the axis of 
abscissa, and the vacu;ani pressure P is taken on the 
axis of ordinate. The range for the vacuum pressure P 
and the pin pitch L satisfying equation (2.17) is at 
the lower left zone of a solid line 342. 

Although equation (2.17) Has been determined 
with reference to a Si wafer of a diameter 200 mm, 
having a thickness h = 0-725 mm, a Si wafer of a 
diameter 125 ram may have a thickness h = 0. 725 ram 
and, in that occasion, it follows that: 

P ^ 0.00245/l3 .--(2.21) 
Thus, in Figure 25, the range corresponds to a lower 
left zone below a solid line 343. 

Further, for a Si wafer of 300 mm diameter, 
the thickness is h = 0.775 mm. Also, it is expected 
that wafers of a larger diameter such as 400 mm Si 
wafers are used In future. The thickness will be come 
h = aijout 0.825 mm. In consideration of this, the 
value is calculated with a thickness h = 0.825 mm. 
Then, it follows that: 

P ^ 0.00427/L^ . . . (2.22) 
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in Figure 25, it corresponds to a lower left zone 
below a solid line 341. 

Further, witlx further miniaturization of a 
semiconductor device, the semi conductor process will 
5 change to 0.18 micron rule, 0.13 micron rule or to 0.1 
micron rule. With these changes, improvements in the 
overlay precision are absolutely re<iuired. Thus, it 
is expected that the tolerance for wafer distortion is 
changed to a much strict value, such as from 5 iim to 
10 2.5 nm and to 1 nin. 

In consideration of the above, the value is 
calculated on the basis of a wafer distortion 
tolerance dxdy = 2 , 5 nia and a thickness h = 0.825 mm. 
It follows that: 
15 P ^ 0.00213/1.3 .._(2.23) 

In Figure 25, it corresponds to a lower left zone 
below a solid line 344. 

Similarly, when the value is calculated with 
a wafer distortion tolerance dxdy = 2.5 nm and a 
20 thickness h = 0.725 mm, it follows that: 

P £ 0.00165/l3 . , , (2.24) 

In Figure 25, it corresponds to a lower left zone 
below a solid line 345. 

Similarly, when the value is calculated with 
25 a wafer distortion tolerance dxdy = 2 . 5 nm and a 
thickness h = 0.625 mm, it follows that: 

P g 0.00123/l3 . . , (2.25) 
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In Figure 25, it corresponds to a lower left zone 
below a. solid line 346, 

Further, when the value is calculated with a 
wafer distortion tolerance dxdy = 1 nm and a thickness 
5 h = 0.825 mm, it follows that: 

P g 0,00085/L-^ .-,(2,26) 
In Figure 25, it corresponds to a lower left zone 
below a solid line 347. 

Similarly, when the value is calculated with 
10 a wafer distortion tolerance dxdy = 1 nm and a 
thickness h = 0,725 mm, it follows that; 

P g 0.00066/l3 .,.(2.27) 
In Figure 25, it corresponds to a lower left zone 
below a solid line 348. 
15 Similarly, when the value is calculated with 

a wafer distortion tolerance dxdy = 1 nm and a 
thickness h = 0.625 mm, it follows that: 

P g. 0.00049/L-' ...(2,28) 
In Figure 25, it corresponds to a lower left zone 
20 below a solid line 349. 

As described above, the practical range for 
the vacuum pressure P and the pin pitch L at the wafer 
central portion has been considered in accordance with 
equation (2.15) and in respect to various values of 
25 the wafer thickness h and the wafer distortion 

tolerance dxdy. In these examples, since the range of 
the pin pitch L as determined by equation (2,16) 
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satisfies a standard pin pitch (not greater than 5 mm) 
to be described later, the condition of equation 
(2.14) is also satisfied- This is because, even in a 
case where the right side of equation (2.16) becomes 
smallest, that is, even in the case of a smallest 
thickness h = 0,625 mm and a largest dxdy = 5 nm, a 
relation L ^ 0.011 is given such that the standard pin 
pitch 5 mm to be described later is satisfied. 
Therefore, by arranging the chuck with a vacuum 
pressure P and a pin pitch L, at the wafer central 
portion, which are selected out of the range described 
above, a desired wafer flatness tolerance dz and a 
desired wafer distortion tolerance dxdy can be 
satisfied. 

The ordinary range for the vacuum pressure P 
of the chuck will be, under different conditions of 
the chuck, as follows. First, the smallest vacuum 
pressure which can be used in practice, is determined 
by the condition for holding a wafer even if an x-Y 
stage for holding the chuck moves at a largest 
acceleration. Namely, if the largest acceleration of 
the X-Y stage is G, the stationary friction 
coefficient is p, the wafer area of (s), the wafer 
density is then it follows that: 

P*(s).)z > G.(s).h.^ . . .(2.29) 

Namely, it follows that: 

P > G.h.^/p ...(2.30) 
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Here, if the largest acceleration of the X-y stage G = 
0.2x9.8 = 1.96 nt/s^^ -the stationary friction 
coefficient p. = 0.1, the thickness h = 0.625 mm. the 
wafer density fi = 2330 Kg/m^. then it follows that : 

^ ^ ^3 ... (2.31) 

In Figure 25, it corresponds to an upper zone above a 
solid line 350. 

Next, the largest vacuum pressure P which can 
be used in practice is, if the atmospheric pressure is 
100 kN/m^, as follows: 

P ^ 100000 ...(2.32) 
In Figure 25, it corresponds to a lower zone below a 
solid line 351. 

On the other hand, an ordinary range for the 
pin pitch L of the Chuck will be, under different 
conditions of the chuck, as follows. The smallest pin 
pitch L wnicli can be used in practice is determined by 
the contact rate between the chuck and the wafer. 
Therefore, the relation between the pin pitch and the 
contact rate will be described first. If the number 
of pins per a unit area is n, since in the grid-like 
disposition shown in Figure 7, there is one pin in the 
area as enclosed by the centers of the four pins 319 - 
322, it follows that: 

" = ...(2.33) 
Further, in the case of the 60-deg. staggering 
disposition shown in Figure 18. there Is one pin in 
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the area as enclosed by four pins 327 - 330, it 
follows that: 

n (2/31/2)/l2 ..,(2.34) 
Further, where the area at the free end of each pin is 
denoted by s and the wafer-to-pin contact rate is 
denoted by N, since N = s.n, it follows that: 

In the case of grid-like disposition: 



- (2.35) 



In the case of 60-deg. staggering disposition: 
N = (2/3l/2j.g/L2 ...(2.36) 
Therefore, the wafer-to-pin contact rate N is 
determined by the area s at the free end face of the 
pin and the pin pitch L. According to experiences of 
semiconductor processes, the practical contact rate N 
is about 0.008 in a case where the pin pitch L is 
about 2 ram, and the pin free end face has a diameter 
0-2 ram, namely, the area s of the free end face of the 
pin is s =7!:- (0.1)2 = 0.0314 mm^ . Thus, by machining 
the pin free end face to a diameter of about 0.05 ram, 
the pin pitch L can be reduced to 0.5 mm while keeping 
the contact rate of substantially the same level. 
Thus, it follows that: 



L ^ 0-0005 



,(2.37) 



In Figure 25, it corresponds to a right-hand side zone 
of a solid line 352. 

Next, the largest pin pitch L which can be 
used in practice is determined by the periodicity of a 
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local warp of the wafer. m practice, a wafer has 
various warps of different periodicities, such as 
those from a global warp extending throughout ttie 
wafer to a warp having a very fine periodicity. It is 
an important fionction of a wafer chuck to correct 
these warps to accomplish the flatness. However, with 
a pin chuck, it is in principle unable to correct a 
warp having a periodicity smaller than the pin pitch. 
Namely, It Is necessary to make tlie pin pitch smaller 
than the smallest periodicity of a warp, of an 
amplitude of about 13 nm, which may have an adverse 
influence as a wafer distortion. In order to 
accomplish a positive correction effect, a pin pitch 
not greater than a half of the smallest periodicity 
has to be used. As regards the periodicity of a wafer 
warp, while details are not known because of 
difficulties in separation from the thickness non- 
unifonnness or of the measuring precision, it should 
be expected that a warp of a period of about 10 mm at 
the largest may remain though the wafer warp may be 
improved in future. In consideration of it, the pin 
pitch should desirably be set to be 5 mm or less. 

L ^ 0.005 . . . (2.38) 

In Figure 25, it corresponds to a zone on the left- 
hand side of a solid line 353. 

It is seen from the above that the practical 
range for the vacuum pressure P and the pin pitch L 
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are determined in accordance witli etrua-tions (2.22), 
(2.31), (2-32), (2.37) and (2,38), as follows: 
P ^ 0.00427/L^ 
33 i P ^ 100000 
5 0.0005 ^ L ^ 0.005 -..(2.39) 

In Figure 25, it corresponds to the range as enclosed 
by solid lines 341, 351, 352, 350 and 353. 

wnile the foregoing description has been made 
with reference to the portion where the pin-like 

10 protrusions 310 are juxtaposed continuously along one 
direction with a pin pitch L, that is, the central 
portion of the chuck inside the outer peripheral 
portion thereof, description will now be made on the 
outer peripheral portion of the chuck. Figure 19 is a 

15 sectional view for explaining flexure of a wafer 2 as 
attracted and held by the outer peripheral potion of 
the chuck. In this drawing, the partition wall 312 is 
provided just inside the outermost circvimf erential 
protrusion 313, and the height of the partition wall 

20 312 is made lower than the top face of the protrusion 
313 by about 1-2 microns. This is because, with a 
gap of about 1-2 microns, a decrease of vacuum 
pressure for attraction is so small that it causes no 
problem. On the other hand, even if a dust particle 

25 of a diameter smaller than the difference of 1 - 2 

microns is adhered to the partition wall 312, it does 
not contact the substrate. Thus, it does not cause an 



-65- 



increase of "the contract rate. 

As regards a material dynamics model foe the 
state of flexure of a wafer at the outer peripheral 
portion of the chuck, a model of a beam having a fixed 
end and another free end and receiving a even 
distributed load, as shown in Figure 20, applies. 
However, the outermost circumferential pin 313 
supports a wafer 302 with its comer, not the center 
of the pin, as shown in Figure 19. The pin pitch L in 
this case is the distance from the inside corner of 
the pin 313 to the pin 314 which is located inside 
thereof by one pitch. 

Where the maximum flexure amoxmt is denoted 
by V, it is expressed as follows: 

v= (wL^)/{184,6»E.I) ...(2.40) 
By modifying this equation by using equations (2.1) 
and (2.2), it follows that: 

v= (P.I.^)/(15.38.E»h3) ...(2.41) 
Alsoy the tilt angle of the beam flexure curve becomes 
largest at the supporting position of the outermost 
pin 313. If this largest tilt angle is denoted by A, 
it follows that: 

Ot = Cw.L^)/(48.E.I) ...(2.42) 
When this is modified by using equations (2.1) and 
(2.2), it follows that: 

CC = (P.L3)/(4-E.h3) ...(2.43) 
Thus, from equation (2.8), the largest positional 
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deviation u Is give as follows: 

u = [(p.L3)/(8-E-ll2)]»k ..-(2.44) 
Therefore, where the wafer flatness as a flat 
wafer is attracted in practice is V2 , the wafer 
distortion is U2 and the correction coefficients 
depending on the pin disposition, like those of the 
wafer central portion, are cj^ and C2 <■ it follows that: 
V2 = v.ci = C(P.L^)/(15.38.E.h3)].Ci ...(2.45) 
U2 = U.C2 = C(P-L3)/(8.E-h2)3.k.C2 ...(2.46) 
Since the wafer flatness Vj^ and the waier 
distortion U-|^ as a flat wafer is attracted in practice 
are expressed by equations (2.10) and (2.11), also in 
the case of the wafer outer peripheral portion, if a 
wafer flatness tolerance as helng tolerahle in a chuck 
is dz and similarly the wafer distortion tolerance is 
dxdy, it follows that: 

dz i C(P'L'*)/(i5.38-E'h3)3.ci ...(2.47) 
dxdy ^ C(P-L3)/C8'E-h2)] .k.c2 ...(2.48) 
When equations (2.47) and (2,48) are 
modified, it follows that: 

C(15.38*E-h3»dz)/ci] . (l/L^) ...(2.49) 
P ^ C(8-E»h2.dxdy)/(k.C2)]«{l/L2) ...(2.50) 
Thus, by arranging the chuck with a vacuum pressure P 
and a pin pitch h, satisfying both of equations (2.49) 
and (2.50), the wafer flatness and the distortion can 
be made smaller than the tolerances dz and dxdy. 
respectively. 
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On -the otlier hand, as regards these two 
conditions, if the pin pitch L is not greater than a 
certain value and as long as the condition of equation 
(2.50) is satisfied, the condition of equation (2.49) 
5 is also satisfied. This value for the pitch L can be 
determined under a condition that the right side of 
equation (2.50) is smaller than the right side of 
equation (2-49), and it is given as follows: 

L £ [(1.92.k.C2)/Ci] ♦[(ll»dz)/dxdY] ...(2.51) 

10 Namely, within the range in which the pin pitch L 
satisfies equation (2.51), a chuck with a vacuum 
pressure P and a pin pitch L satisfying equation 
(2.50) may be used - 

Thus, now a case wherein a typical Si wafer 

15 of a diameter 200 mm is attracted and held by a pin 
chuck having a grid-like pin disposition is 
considered, like the example of the wafer central 
portion described hereinbefore. It is taken that the 
longitudinal elasticity coefficient E = 1.69x10^^ N/ra, 

20 the thickness h = 0.725 mm, the neutral plane 
correction coefficient k = 1, the correction 
coefficients c^ = 4 and C2 = 2.8. Also, in a 
semiconductor process of 0.25 micron rule, the wafer 
flatness tolerance dz is 80 nm and the wafer 

25 distortion tolerance dxdy is 5 nm. Then, while taking 
the unit of pressure P is N/m^ and the \mit of pitch L 
is m, from equations (2.50), it follows that: 
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P g 0.0127/L-^ . . . (2.52) 

Figure 26 is a graph, for explaining tiie range 
for the vaeuiixn pressure P and the pin pitch, L which 
can be used in practice, wherein the pin pitch L is 
taken on the axis of ahscissa, and the vacutiia pressure 
P is taken on the axis of ordinate. In Figure 26, the 
range for the vacuum pressure P and the pin pitch L 
satisfying equation (2,52) is at the lower left zone 
below a solid line 362, 

When the range is calculated with a thickness 
h = 0,626 mm, it follows that; 

P g 0.00094/L^ ...(2. S3) 

Thus, in Figure 26, the range corresponds to a lower 
left zone below a solid line 363, 

Similarly, when the range is calculated for a 
thickness h = 0,825 mm, it follows that: 

P g 0.00164/L^ .-.(2.54) 
In Figure 26, it corresponds to a lower left zone 
below a solid line 361. 

Also, when the range is calculated for a 
wafer distortion tolerance dxdy = 2.5 nm and a 
thickness h = 0,825 nira, it follows that: 

P g 0.00082/l3 ...(2.55) 
in Figxire 26, it corresponds to a lower left zone 
below a solid line 364. 

Similarly, when the range is calculated for 
dxdy = 2.5 nm and h = 0.725 mm, it follows that: 
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P < 0.00063/L-= . . - (2.56) 

In Figure 26, it corresponds to a lower left zone 
below a solid line 355. 

Similarly, wtien the range is calculated for 
dxdy = 2.5 nin and h = 0.625 nun, it follows that: 

P ^ 0.00047/L^ ...(2.57) 
In Figure 26, it corresponds to a lower left zone 
below a solid line 366. 

Also, when the range is calculated for dxdy = 
1 nm and h - 0.825 mm, it follows that: 

P g 0.00033/Xj^ ...(2.58) 
In Figure 26, it corresponds to a lower left zone 
below a solid line 367. 

Similarly, when the range is calculated for 
dxdy = 1 nm and h = 0.725 mm, it follows that: 

P g 0.00025/L^ . . . C2.59) 

In Figure 25, it corresponds to a lower left zone 
below a solid line 368. 

Similarly, when the range is calculated for 
dxdy = 1 nm and h - 0.625 mm, it follows that: 

P ^ 0.00019/l3 ...(2.60) 
In Figure 26, it corresponds to a lower left zone 
below a solid line 369. 

As described above, the practical range for 
the vacuum pressure P and the pin pitch L at the wafer 
outer peripheral portion has been considered in 
accordance with equation (2.50) and in respect to 
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various values of the wafer thickness h and the wafer 
distortion tolerance dxdy. In these examples, since 
the range of the pin pitch L as determined by ecjuation 
(2-51) satisfies a standard pin pitch (not greater 
5 than 5 mm) to be described later, the condition of 
equation (2.49) is also satisfied. This is because, 
even in a case where the right side of eqp.ation (2.51) 
becomes smallest, that is, even in the case of a 
smallest thickness h = 0.625 mm and a largest dxdy = 5 

10 nm, a relation L g 0.013 is given such that the 
standard pin pitch 5 mm to be described later is 
satisfied. Therefore, by arranging the chuck with a 
vacuum pressure P and a pin pitch L, also at the wafer 
outer peripheral portion, which are selected out of 

15 the range described above, a desired wafer flatness 

tolerance dz and a desired wafer distortion tolerance 
dxdy can be satisfied - 

Here, it should be noted that, in the normal 
pin pitch, satisfaction of only equation (2.50) is 

20 accompanied by satisfaction of equation (2.49) means 
that there is a more strict condition involved in 
reducing the wafer distortion to a tolerance or 
smaller, as compared with improving the wafer 
flatness. 

2 5 By the way, the ordinary range for the chuck 

vacuum pressure P is defined by equations (2.31) and 
(2.32) like the case of the wafer central portion, and 
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in Figure 26, it corresponds to a zone above a solid 
line 370 and a zone below a solid line 371. 

On the other hand, the ordinary range for the 
pin pitch L of the chuck is defined by equations 
(2.37) and (2.38), like the case of the wafer central 
portion, and in Figure 26, it corresponds to a zone on 
the right-hand side of a solid line 372 and a zone on 
the left-hand side of a solid line 373. 

It is seen from the above that the practical 
range for the vacuum pressure P and the pin pitch L 
are determined in accordance with equations (2.54), 
(2.31), (2.32), (2.37) and (2.38), as follows; 

P g 0.00164/l3 

33 ^ P ^ 100000 

0.0005 ^ L ^ 0.005 (2.61) 

Thus, in Figure 26, it is a zone as enclosed by solid 
lines 361, 371, 372, 370 and 373. 

As described above, because the wafer central 
portion and the wafer peripheral portion are 
different in respect to the manner of supporting the 
wafer, the chuck may be structured to have respuctive 
vacuum pressures P and respective pin pitches L 
selected out of the ranges described hereinbefore, by 
which a desired wafer flatness tolerance dz and a 
desired wafer distortion tolerance dxdy can be 
satisfied throughout the whole wafer surface. 

At the wafer central portion and the wafer 
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pezripheral portion, a common vacuxom pressure P and/or 
a conunon pin pitch. L may be set , within tlie ranges 
described hereinbefore. Alternatively, they may be 
set independently of each, other. Where vacuum 
5 pressures P snould be set independently of each other. 
In addition to the outermost peripheral partition wall 
312, a continuous inside partition wall may be 
provided so as to connect all the pins 314 disposed 
circumf erentially inside the outermost pins 313 by one 

10 pitch, and vacuum suction opening bores may be foinned 
in the wafer central portion and the wafer peripheral 
portion of the chuck such that vacutam pressures can be 
supplied to them independently. Further, as regards 
the inner partition wall, a ring-like partition wall 

15 334 (Figure 21) may be provided with a small inward 

shift from the pin 314. This facilitates formation of 
a step at the inner partition wall 334. The height of 
the inner partition wall should preferably be made 
lower than tbe top face of the pin 314 by 1 - 2 

20 microns- This is because, in that structure, It does 
not contact a wafer even if the same is warped. Also, 
if a dust particle of a diameter smaller than that 
spacing is adhered, it does not contact the wafer. 
The contract rate is not raised. 

25 Where the height of the inner partition wall 

is made lower than the top face of the pin 314 and a 
vacuum pressure is supplied only to the wafer central 
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portiorx, the vacuum pressure at: -the wafer peripheral 
porliion can be made lower than that at the wafer 
csntral portion. Alternatively, an opening bore being 
communicated with the atmosphere may he formed in the 
5 wafer central portion, and a vacuum pressure may be 
supplied only to the wafer peripheral portion. In 
that occasion, the vacuum pressure at the wafer 
peripheral portion can be held higher than that at the 
wafer central portion. In this case, only a single 

10 vacuiam supplying line is necessary. 

While the outermost partition wall 312 is 
disposed with a slight inward shift from the pin 313 
as shown in Figure 19 or 21, it may be provided 
outside the pin 313. Alternatively, a continuous 

15 partition wall for connecting all the pin 313 may he 
provided so as to surround the chuck peripheral 
portion. As a further alternative, while the contact 
rate becomes larger, the pins 313 may be omitted and, 
in place thereof, an outermost partition wall of the 

20 same height as the top face of the pin 313 may be 
provided. 

Arranging the structure so that the vacuum 
pressure P can be set independently at the wafer 
central portion and the wafer peripheral portion, as 
25 described above, enables that the vacuum pressure at 
the wafer central portion is set to assure that the 
wafer can be held even if the X-Y stage moves at its 
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maximum acceleration, for example, while the vacuvun 
pressure at the wafer peripheral portion is set to 
assure that even a wafer having a large warp 
throughout the whole wafer can be attracted. More 
specifically, by setting the vacuum pressure at the 
wafer peripheral portion higher than that at the wafer 
central portion, andl by making the pin pitch narrow, 
the attraction of the wafer at the wafer peripheral 
portion can be assured regardless of the 
presence/absence of a wafer warp. This enables good 
flatness correction at the peripheral portion as well 
as good correction of the wafer distortion. The 
vacuum pressure at the wafer central portion may be 
kept at a lowest level for wafer holding, by which the 
pin pitch can be made large. This enables decreasing 
the contact rate. 

Further, the same pin pitch may be set at the 
wafer central portion and the wafer peripheral 
portion, while on the Other hand, the vacutim pressure 
at the peripheral portion may be set appropriately 
lower than that at the wafer central portion. This 
enables setting the same distortion amount at the 
wafer central portion and the peripheral portion, thus 
avoiding an increase of the contact rate. 

The vacutara pressure at the peripheral portion 
may set appropriately lower than that at the wafer 
central portion and the pin pitch may be made narrow 
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properly. This enables set-ting the same distortion 
amount at the wafer central portion and the peripheral 
portion and, additionally, it leads to enlargement of 
the range in which their distribution shapes are 
5 approximately registered. Details will be explained 
with reference to Figures 27A and 27B. Figure 27A 
shows a flexure curve of a wafer between the pin 
pitch. The axis of ordinate shows the flexure amount 
V. Figure 27B shows the shape of distribution of 

10 wafer distortion between the pin pitch. The axis of 

ordinate shows the wafer distortion u. In Figures 27A 
and 27B, the axis of abscissa depicts the wafer 
position X between or inside the pin pitch, with 
rightward direction corresponding to the wafer outward 

15 direction. In Figure 27A, denoted at 380 is a flexure 
curve at the wafer central portion. Denoted at 381 is 
a flexure curve at the wafer peripheral portion where 
the vacuum pressure is made properly lower than that 
at the wafer central portion and also the pin pitch is 

20 made properly narrow. Denoted at 382 is a flexure 

curve corresponding to a conventional example wherein, 
while the vacuum pressure is held constant, the pin 
pitch is made appropriately narrower than that at the 
wafer central portion. In Figure 27B, denoted at 383, 

25 384 and 345 are distribution shapes of wafer 

distortions corresponding to the flexure curve 380, 
the flexure curve 381 and the flexure curve 382. 
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respectively. 

It is seen from these drawings that, as 
regarfls the wafer distortion distribution shape, in 
the curves 382 and 385 of the conventional example, 
5 only in a narrow range a of the wafer position x, the 
shape is approximately registered. As compared 
therewith, in the curves 383 and 384 of this 
embodiment, in a wide range b which is about twice of 
the range a, the shape is approximately registered. 

10 Thus, the range for registration is widened. Although 
there remains a region, outside the range b, in which 
the shape is not registered, since at an outermost 
periphery of a wafer there is an invalid area of at 
least about 1 itun where no semiconductor device is 

15 formed, this does not cause a particular problem 

provided that the pin pitch is not greater than about 
2 mm. Since the wafer distortions produced at the 
wafer central portion and the peripheral portion can 
have substantially the same shape, as described above, 

20 if a chuck having the same pin disposition for every 
shot of a wafer to be exposed is used, it can be 
accomplished that a distortion of substantially the 
same distribution shape is produced in every shot. In 
that occasion, an image to be printed on every shot 

25 can be corrected in accordance with the distribution 
shape of the wafer distortion such as by driving or 
rotating an imaging lens or a reticle or by correcting 
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the reticle pattern position beforehand. As a result, 
the overlay precision can be improved much more, 
throughout a wide range including the wafer peripheral 
portion . 

5 As regards the vacumn pressures at the wafer 

central portion and the peripheral portion, preferably 
they should be kept at a desired constant level 
without being influenced by a variation in atmospheric 
pressure, for example. To this end, a precision 

10 regulator, for example, may be used to supply a 

constant vacuum pressure, or tlie vacuum pressers may 
be detected and controlled to a constant level . 
Particularly, in this case, it is desirable since a 
good reproducibility of the wafer distortion 

15 distribution shape is assured thereby. 

It is to be noted that Figures 27A and 27B 
are based on the following eqxiations according to a 
material dynamics. First, the flexure curve 380 at 
the wafer central portion is given by: 

20 V = [{p.L'*)/(2«E»h^)] (x^/L^-ax^/L^+x'^/L'*) 

. . . (2.62) 

The flexure curves 382 and 382 at the wafer 
peripheral portion are given by: 

V = [(Q.R'*)/(4.E-h3)H-(R-x)/R+C3» (R-x)^/r3) 
25 -{2. (R-x)*/R'*>] ...(2.63) 

Here, for the curve 381, Q = 0.85»P and R = 0.87«L. 
For the curve 382, Q = P and R = 0-a3»L. 
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The distribution sHape 383 of the wafer 
distortion corresponding to the flexure curve 380 is 
given by: 

u = [(P«L3)/(2«E-h2)] [x/L-(3.x2)/l2+(2.x3)/L^] 

. - - (2.64) 

Also, tlie distribution shape of the wafer distortion 
corresponding to the flexure curves 381 and 382 is 
given by: 

u = [(Q.R^)/C8.E.h2)3[-l+{9- (R-x)2>/r2 

-C8-(R-x)^}/r3] ...(2.65) 
Here, for the curve 384, Q = 0.85-P and R = 0.87»L. 
For the curve 385, Q = P and R = 0.83-L, 

On the other hand, due to the influence of a 
polishing process during the wafer production or the 
Influence of various processes during the 
semiconductor manufacture, there are cases wherein the 
periodicity of local warps on a wafer is different 
between the wafer central portion and the peripheral 
portion. Where the periodicity at the peripheral 
portion is longer than that at the wafer central 
portion, the pin pitch at the wafer peripheral portion 
may be made wider than that at the wafer central 
portion. Also, the vacuum pressures may be set 
respectively and appropriately so as not produce wafer 
distortion. By doing so, the contact rate at the 
wafer peripheral portion where a dust particle can be 
relatively easily adhered, can be lowered. 
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Furtlier, although the free end faces of the 
pin-like protrusions constituting the wafer carrying 
and supporting surface have heen explained as a super 
flat surface, depending on the actual processing 
5 precision, a very small tilt may be produced there. 
In that occasion, therefore, the pitch of the pins 
which support the wafer may not he exactly the same as 
the pin pitch L described hereinbefore. At the wafer 
central portion, in a worst case, for example, as 

10 shown in Figure 22, the free end faces of the pins 310 
and 336 may be tilted in opposite directions. In that 
occasion, the pitch of the points contacting the wafer 
becomes egual to Lx which is larger than the pin pitch 
L by an amount corresponding to the pin diameter-. 

15 Thus, in this case, the wafer flatness and the 
distortion will become larger than v-j^ and Uj^ in 
equations (2.10) and (2.11). On the other hand, at 
the wafer peripheral portion, in a worst case, for 
example, as shown in Figure 23, the free end faces of 

20 the pins 313 and 314 may be tilted down toward the 
inside as illustrated. In that occasion, the pitch 
becomes egual to Ly which is larger than the pin pitch 
L by an amount 1,5 times the pin diameter. Therefore, 
in this case, the wafer flatness and the wafer 

25 distortion become larger than V2 and U2 in equations 

(2.45) and {2.46}. In order that the wafer distortion 
satisfies its tolerance throughout the whole surface. 
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as described aJbove, the remainder to l>e provided by- 
subtracting a value 1.5 times the pin diameter from 
the pin pitch L determined as described above may be 
taken as the actual pin pitch. However, in that case, 
5 the pin-to-wafer contact rate increases accordingly, 
and it is undesirable. Therefore, it is effective to 
process and provide a flat surface without having a 
tilt that may cause an adverse influence, or to reduce 
the pin diameter as m.uch as possible. Also, as shown 
10 in Figure 24, the free end face of the pin may be 

formed into a spherical shape. This is substantially 
equivalent to an example wherein the pin diameter is 
substantially equal to zero, and the contact rate can 
desirably be reduced very much. Further, the free end 
15 may be formed with a concave face without having a 
tilt, although the machining is not very easy. 

At the wafer outer peripheral portion as 
shown in Figure 19, the wafer portion projecting 
outwardly beyond the outermost pins 313 may protrude 
20 upwardly due to the deformation between the pins 313 

and 314 at the peripheral portion. The wafer flatness 
and the wafer distortion in this portion will be 
described. The tilt angle at the peripheral portion 
becomes largest at the supporting position of the pin 
25 313- This largest tilt angle ot is expressed by 

ecjuation (2.43) as described hereinbefore. In the 
range outside the supporting position of the pin 313, 
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the largest: -till: angle Ot is kep-t const antly. 
Therefore, the wafer distortion as determined by tHe 
largest tilt angle is held constant, without any 
increase. Thus, there is no problem in relation to 
the wafer distortion. However, if the amoxint of 
outward projection of the wafer is large, since it 
projects with the same largest tilt angle Ot, the 
amount of such upward protruding has to be kept 
smaller than the tolerance dz for the wafer flatness. 
Therefore, when the amount of wafer extension is J, it 
follows that: 

dz ^ J'Ot . . - (2.66) 

Taking equation (2.43) and the correction coeffjcient 
C2 with the pin disposition into account, it follows 
that: 

J ^ [(4.E.h3)/(p. L^* C2)]*<iz ..-(2.67) 
Although the right side of equation (2.67) above 
becomes smallest when P-L"^ becomes largest, from 
eqxiation (2.50), now it follows that: 

P«L^ g (8'E»h^-dxdY)/(k-C2) ...(2.68) 
Therefore, equation (2.67) can be rewritten as 
follows: 

J g (k-h-dz)/(2»dxdy) ...(2.69) 
Further, the right side of equation (2.69) abovci 
becomes smallest when the neutral plane correction 
coefficient k = 1, the smallest thickness h = 0.625 
mm, the wafer flatness tolerance dz = 80 nm, and the 
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largest wafer dis-tortion -tolerance dxdy = 5 rm. Then, 
J ^ 0-005. Namely, in order to satisfy the wafer 
flatness tolerance dz due to deformation inside the 
pin pitch, the wafer projection amount may be held to 
5 5 mm or less. In that occasion, there occurs no 

problem, even in consideration of the diameter of the 
outennost pin 313, the outside shape tolerance of the 
wafer, the position precision of the same as placed on 
the chuck, and the width of the partition 312 when the 

10 same is provided outside the pin 313. Thus, the 

condition for correcting the wafer warp at the outer 
peripheral portion is more strict and, in this 
respect, the pin 313 at the outermost periphery of the 
chuck should desirably be disposed close to the outer 

15 periphery of the wafer as much as possible. 

Although in the forgoing description the pin 
pitch of the chuck is explained as L and, at the wafer 
central portion and the peripheral portion, the chuck 
has a vacuum pressure P and a pin pitch L selected out 

20 of the above- described ranges, the pin pitch may of 
course be set separately and independently at the 
wafer central portion and the peripheral portion. 
Further, it is not necessary that a uniform pitch is 
defined in the wafer central portion or in the wafer 

25 peripheral portion- As long as it is within the 

above-described range is satisfied, a non-uniform pin 
pitch may be used. 
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THe substrate to be held by tbe chuck is not 
limited to a Si wafer. For example, various 
substrates such as a gallium arsenic wafer, a 
composite adhesion wafer, a glass siibstrate, a liquid. 
5 crystal panel substrate, and a reticle may be used. 

Further, as regards the outside shape thereof, it may 
not be circular, and it may have a rectangular shape, 
for example. In that occasion, the outside shape of 
the chuck may be changed in accordance with the 

10 outside shape of the substrate. 

Further, while the chuck has been explained 
as a vacuum attraction type chuck, the present 
invention is not limited to it. The chuck may 
comprise an electrostatic type chuck, or it may use a 

15 combination of a vacuum attraction type and an 
electrostatic type. In these cases, the vacuiam 
pressure P in the above-described embodiments may be 
replaced by an attraction force of a different type or 
a combination of it with the vacuum pressure. 

20 Although the chuck has been described with 

reference to a pin chuck, the present invention is 
applicable also to chucks having different shapes. 
For example, a ring-like chuck having concentric ring- 
like recesses (suction grooves) and concentric ring- 

25 like protrusions for defining a wafer supporting 

surface, which are alternately formed, may be used. 
In that occasion, the pitch of the ring-like 
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prot nisionis in the radial directrion. may be regarded, as 
the pin pitch L. At the wafer central portion and the 
outer peripheral portion, a vacuum pressure P and a 
pin pitch L as has been described with reference to 
5 -the embodiments may be set there. Substantially the 
same advantageous results are attainable with it. 

In accordance with the present invention, 
degradation of the wafer flatness and distortion due 
to a flexure of a substrate inside the pin pitch as 

10 the same is held, can be reduced remarkably. 

Therefore, in the procedure for manufacture of very 
fine devices, the defect of device can be reduced and 
the yield rate can be improved significantly. 

Referring now to Figure 18, an exposure 

15 apparatus into which a substrate attracting and 
holding system such as described above can be 
incorporated, will be explained. 

Figure 28 is a schematic view of a general 
structure of a reduction projection exposure 

20 apparatus. As shown in the drawing, a reticle 402 
which is an original having a pattern to be 
transferred to a substrate 402 such as a silicon 
wafer, for example, is mounted on a reticle stage 401 
through a reticle chuck. The reticle is illuminated 

25 with exposure light directed thereto through an 

illumination optical system 403. The exposure light 
passing through the reticle 402 is reduced in scale by 



a projection optical system 405, to 1/5, and it is 
projected on the substrate 402 which, is a workpiece to 
be processed. A chuck 1 which is a substrate 
holding system for holding the substrate 402, as 
5 described hereinbefore, is mounted on an X-Y stage 406 
which is movable along a horizontal plane. The 
substrate 402 has a thin coating of a resist material 
(photosensitive material) applied thereto beforehand, 
which material produces a chemical reaction in 

10 response to irradiation with the exposure light- It 
functions as an etching mask in a subsequent process . 
Denoted at 407 and 408 are an off-axis alignment scope 
and a surface position measuring unit, respectively. 

The exposure sequence is such as follows. 

15 Stibstrates 402 to be exposed are loaded into the 

exposure apparatus automatically or by hands of an 
operator and, in this state, in response to an 
exposure start signal , the operation of the exposure 
apparatus starts. A first substrate 402 is conveyed 

20 onto the chuck 1 mounted on the X-Y stage 406, by 
means of a conveying system, and the substrate is 
attracted and held by the chuck. Subsecpiently, 
alignment marks recorded on the substrate 401 are 
detected by the off-axis alignment scope 407, and on 

25 the basis of which, a magnification, a rotation and X 
and Y deviations are measured. Then, the position 
correction is performed. The X-Y stage 406 moves the 



-86- 



subs-tra-te 402 so that a first shot position on the 
sijtjstrate 402 is placed at the exposure position of 
the exposure apparatus. After a focus correction 
operation made through a surface position measuring 
5 means 408, an exposure process of ahout 0.2 second is 
performed. Thereafter, the substrate is moved 
stepwise to its second shot position, and exposures 
are repeated sequentially, A similar sequence is 
repeated until the last shot is exposed, by which the 

10 exposure operation to one substrate is completed. The 
sui>strate is transferred from the chuck X to a 
collection conveyance hand, and then it is moved back 
into a substrate carrier. 

The substrate attracting and holding system 

15 (chuck) of this embodiment is not limited to use in an 
exposure apparatus. It may of course be used in a 
liquid crystal substrate manufacturing apparatus, a 
magnetic head manufacturing apparatus, a semiconductor 
inspection apparatus, a liquid crystal substrate 

20 inspection apparatus, a magnetic head inspection 

apparatus or in the manufacture of micro-machines, for 
example . 

Next, an embodiment of a semiconductor device 
manufacturing method which uses a projection exposure 
25 apparatus according to any one of the preceding 
emisodiments , will be explained. 

Figure 29 is a flow chart of procedure for 
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manuf acture of microdev-ices such, as semiconductor 
chips (e.g. iCs or LSIs), liquid crystal panels, CCDs, 
thin film magnetic heads or micro-machines, for 
example . 

5 Step 1 is a design process for designing a 

circuit of a. semiconductor device- Step 2 is a 
process for making a mask on the hasis of the circuit 
pattern design. Step 3 is a process for preparing a 
wafer by using a material such as silicon. Step 4 is 

10 a wafer process (called a pre-process) wherein, by 
using the so prepared mask and wafer, circuits are 
practically formed on the wafer through lithography . 
Step 5 subsequent to this is an assembling step 
(called a post-process) wherein the wafer having been 

15 processed by step 4 is formed into semiconductor 

chips. This step includes an assembling (dicing and 
bonding) process and a packaging (chip sealing) 
process. Step 6 is an inspection step wherein 
operation check, durability check and so on for the 

20 semiconductor devices provided by step 5, are carried 
out. With these processes, semiconductor devices are 
completed and they are shipped { step 7 ) . 

Figure 30 is a flow chart showing details of 
tbe wafer process. 

25 Step IX is an oxidation process for oxidizing 

the surface of a wafer. Step 12 is a CVD process for 
forming an insulating film on the wafer surface. Step 
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13 is an electrode forming process for forming 
electrodes upon the wafer by vapor deposition. Step 

14 is an ion implanting process for implanting ions to 
the wafer. Step 15 is a resist process for applying a 

5 resist (photosensitive material) to the wafer. Step 
16 is an exposure process for printing, by exposure, 
the circuit pattern of the mask on the wafer through 
the exposure apparatus described above. Step 17 is a 
developing process for developing the exposed wafer. 

10 Step 18 is an etching process for removing portions 
other than the developed resist image. Step 19 is a 
resist separation process for separating the resist 
material remaining on the wafer after being sub :j acted 
to the etching process. By repeating these processes, 

15 circuit patterns are superposedly formed on the wafer. 
With these processes, high density 
microdevices can be manufactured. 

While the invention has been described with 
reference to this structures disclosed herein, it is 

20 not confined to the details set forth and this 

application is intended to cover such modifications or 
changes as may come within the puzrposes of the 
improvements or the scope of the following claims. 

25 
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WHAT IS CLAIMED IS: 

1. A sxibstrate a-ttracting and tiolding rae-thod, 
comprising the steps of: 

supporting a substrate by use of a protrusion 
5 provided on a holding table for holding the substrate, 
wherein the protrusion is disposed to be placed in a 
predetermined positional relation with a position of 
an alignment mark to be used for processing the 
substrate or a position with respect to which an 
10 alignment mark is to be produced; and 

reducing a pressure between the holding table 
and the substrate to attract and hold the substrate. 

2- A method according to Claim 1, wherein the 
15 substrate is supported so that the position of the 

alignment mark or the position with respect to which 
the alignment mark is to be produced is to be placed 
above the protrusion. 

20 3. A method according to Claim 1, wherein the 

substrate is supported so that the position of the 
alignment mark or the position with respect to which 
the alignment mark is to be produced is to be placed 
at a central portion in relation to disposition of the 

25 protrusion. 



4. A method according to Claim 1, wherein the 



-90- 



suljstrate is supported so tliat, for different 
processing regions of tiie siatostrate, the protrusion is 
to be placed at the same position. 

5 5. A method according to Claim 1, wherein the 

siabstrate is supported so that the protrusion is 
placed at the same position with reference to the 
position of the alignment mark or the position with 
respect to which the alignment mark is to be produced. 

10 

6. A method according to Claim 1, wherein the 
position of the alignment mark or the position with 
respect to which the alignment mark is to be produced 
is placed outside a processing region of the 
15 substrate. 



7 . A method according to Claim 1 , wherein at 
least a portion of the protrusion surrounds a zone 
corresponding the position of the alignment mark or 
20 the position with respect to which the alignment mark 
is to be produced. 



a. A method according to Claim 1, wherein the 
protrusion comprises at least one of a rim type 
25 protrusion and a pin contact type protrusion. 



9. A method according to Claim 1, wherein the 



-91- 



pressure of an air between the holding table and. the 
siibstrate is adjusted. 

10. A method according to Claim 9, wherein a 

5 substrate attracting force in a processing region of 
the substrate is adjusted even for the whole 
substrate. 

11. A method according to Claim 1, wherein at 
10 least a portion of the protrusion surrounds a zone 

corresponding the position of the alignment mark or 
the position with respect to which the alignment mark 
is to be produced, and wherein the pressure of an air 
between the holding table and the substrate in a 
15 region as surrounded by the protrusion is adjusted. 

12. A method according to Claim 1, wherein 
position adjustment is performed so that a 
predetermined positional relationship is defined 

20 between the protirusion of the holding table and the 
alignment mark or the position with respect to which 
the alignment mark is to be produced. 

13. A substrate attracting and holding method, 
25 comprising the steps of: 

supporting a substrate by use of a protrusion 
provided on a holding table for holding the substrate. 
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wherein tlie protrusion has an at-tracting groove for 
a-ttracting the substrate; and 

reducing a pressure between the holding table 
and the substrate to attract and hold the substrate. 

14. A substrate attracting and holding system, 
comprising: 

a holding table for holding a substrate; 

a protrusion provided on said holding table, 
said protrusion being disposed to be placed in a 
predetermined positional relationship with a position 
of an alignment mark to be used for processing the 
substrate or a position with respect to which an 
alignment mark is to be produced. 

15. A system according to Claim 14, wherein the 
protrusion is disposed so that the position of the 
alignment mark or the position with respect to which 
the alignment mark is to be produced is to be placed 
above the protrusion, 

16. A system according to Claim 14, wherein the 
protrusion is disposed so that the position of the 
alignment mark or the position with respect to which 
the alignment mark is to be produced is to be placed 
at a central portion in relation to disposition of the 
protrusion. 
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17. A system according to Claim 14, wherein the 
protrusion is provided so that, for different 
processing regions of the substrate, the protrusion is 

5 to be placed at the same position. 

18. A system according to Claim 14, wherein the 
protrusion is provided so that the protrusion is 
placed at the same position with reference to the 

10 position of the alignment mark or the position with 

respect to which the alignment mark is to be produced. 

19. A system according to Claim 14, wherein the 
position of the alignment mark or the position with 

15 respect to which the alignment mark is to be produced 
is placed outside a processing region of the 
substrate. 



20. 



A system according to Claim 14, wherein at 



20 



least a portion of the protrusion is disposed to 



surround a zone corresponding the position of the 



alignment mark or the position with respect to which 



the alignment mark is to be produced. 



25 



21. 



A system according to Claim 14, wherein the 



protrusion comprises at least one of a rim type 



protrusion and a pin contact type protrusion. 
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22. A system according- to Claim 14. furttier 
comprising a. meciianism for reducing a pressure between 
said Holding table and tiie substrate. 

23. A system according to Claim 22, wherein said 
mechanism comprises a pressure adjusting mechanism for 
adjusting a pressure of an air between said holding 
table and the substrate. 

24. A system according to Claim 23, wherein said 
pressure adjusting mechanism is arranged to produce a 
substrate attracting force in a processing region of 
the substrate which force is even for the whole 
substrate. 

25. A system according to Claim 14, wherein at 
least a portion of the protrusion is disposed to 
surround a zone corresponding rhe position of the 
alignment mark or the position with respect to which 
the alignment mark is to be produced, and said system 
further comprises a pressure adjusting mechanism for 
adjusting a pressure of an air between said holding 
table and the substrate in a region as surrounded by 
the protrusion. 



26. A system according to Claim 14, further 
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coinprising a positiion adjusting mectianisra for 
adjusting a relative position of the protrusion of 
said holding table and the alignment mark or the 
position with respect to which the alignment mark is 
to be produced, so that a predetermined positional 
relationship is defined between them. 

27- An exposure apparatus, comprising: 

a holding table for holding a stibstrate; 
a protrusion provided on said holding table, 
said protrusion being disposed to be placed in a 
predetermined positional relationship with a position 
of an alignment mark to be used for processing the 
substrate or a position with respect to which an 
alignment mark is to be produced; and 

exposure means for transferring, by exposure, 
a pattern of an original to the substrate as attracted 
and held by said holding table. 

28. An apparatus according to Claim 27, further 
comprising a controller for calculating an error in 
coordinates of an alignment mark to be produced as a 
result of deformation of the substrate as the same is 
attracted, on the basis of a positional relationship 
between the protrusion and the alignment mark of the 
substrate. 
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29. An apparatus according to Claim 28, wherein 
said controller has one of a function and a tahle for 
calculating the error on the basis of the positional 
relationship between the protrusion and the alignment 
mark of the substrate. 

30. An apparatus according to Claim 28, wherein 
said controller is operable to correct the position of 
the alignment mark as measured, on the basis of the 
calculated error in coordinates of the alignment mark, 

31. An apparatus according to Claim 28, wherein 
said controller is operable to perform alignment of 
the substrate on the basis of the error in coordinates 
of the alignment mark. 

32. A device manufacturing method, comprising the 
steps of : 

supporting a substrate by use of a protirusion 
provided on a holding table for holding the substrate, 
wherein the protrusion is disposed to be placed in a 
predetermined positional relation with a position of 
an alignment mark to be used for processing the 
substrate or a position with respect to which an 
alignment mark is to be produced; 

reducing a pressure between the holding table 
and the substrate to attract and hold the substrate; 
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and 

printing a pa-t-tern of an original on ttie 
siilJstrate as a-t-tracted. by tlie holding table. 



5 33. A substra-te a-ttraciiing and holding system, 

comprising: 

a holding table for holding a substrate: 
a protrusion for supporting the substrate and 
having an attraction groove for attracting the 
10 substrate; and 

a pressure adjusting mechanism for adjusting 
a pressure between said holding table and the 
sxjbstrate. 



15 34. A soabstrate attracting and holding system 

having a plurality of protrusions for supporting a 
substrate, for attracting and holding the substrate 
supported on the protrusions^ characterized in that a 
disposition pitch L, of the protrusions and an 

20 attraction force P of the substrate are set so as to 
satisfy a relation: 

P'L^ g Q36-E»h^' dxdyl/c/T-k-c] 
where dacdy is a distortion tolerance, E is a 
longitudinal elasticity coefficient, h is a thickness 

25 of the substrate, c is a correction coefficient based 
on the protrusion disposition and k is a neutral plane 
correction coefficient. 
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35. A substrate attracting and liolding systera 
having a plurality of protrusions for supporting a 
substrate, for attracting and holding the substrate 
supported on the protrusions, characterized in that a 
disposition pitch L of the protrusions and an 
attraction force P of the substrate are set so as to 
satisfy a relation: 

P-L^ ^ 0.00427. 

36. A system according to Claim 34 or 35, wherein 
the disposition pitch L and the siibstrate attraction 
force P are set to further satisfy relations: 

G»h-/>/)a g P $ 100000 

0.0005 g L g 0.005 
wherein h is a thickness of the substrate, ^ is a 
density of the substrate, p is a stationary friction 
coefficient of the substrate, and G is a maximum 
acceleration of a stage on which said substrate 
attracting and holding system is mounted. 

37- A substrate attracting and holding system 
having a plurality of protrusions for supporting a 
substrate, for attracting and Holding the substrate 
supported on the protrusions, characterized in that a 
disposition pitch L of the protrusions and an 
attraction force P of the substrate are set so as to 
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satisfy relations: 
P-L^ g 0.00427 
33 ^ P g 100000, and 
0.0005 ^ L ^ 0.005. 

5 

38 - A sxibstrate attracting and holding system 
having a plurality of protrusions for supporting a 
substrate, for attracting and holding the substrate 
supported on the protrusions, characterized in that 

10 the protrusions include an outer peripheral protrusion 
for supporting an outer peripheral portion of the 
substrate and a central protrusion for supporting a 
central portion of the substate, inside the peripheral 
portion thereof, and that, when a disposition pitch of 

15 the central protrusion is La and an attraction force 

of the substrate at the central protrusion is Pa while 
a disposition pitch between the outer peripheral 
protrusion and a central protrusion juxtaposed inside 
the outer peripheral protrusion is Lb and an 

20 attraction force of the substrate between the outer 
peripheral protrusion and a central protrusion 
Juxtaposed inside the the outer peripheral protrusion 
is Pb, the disposition pitches La and Lb and the 
attraction forces Pa and Pb are set so as to satisfy 

25 relations : 

Pa-La^ ^ [36-E.h^-d^dy]/[^»k-c] 
Pb.Lb^ ^ [8-E-h2. dxdy]/[k.c] 
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where dxdy is a distor-hion tolerance, E is a 
longitudinal elasticity coefficient, li is a thickness 
of the substrate, c is a correction coefficient based 
on the protrusion disposition and k is a neutral plane 
5 correction coefficient. 

39. A substrate attracting and holding system 
having a plurality of protrusions for supporting a 
substrate, for attracting and holding the substrate 

10 supported on the protrusions, characterized in that 

the protrusions include an outer peripheral protrusion 
for supporting an outer peripheral portion of tloe 
substrate and a central protrusion for supporting a 
central portion of the substate, inside the peripheral 

15 portion thereof, and that, when a disposition pitch of 
the central protrusion is La and an attraction force 
of the substrate at the central protrusion is Pa while 
a disposition pitch between the outer peripheral 
protrusion and a central protrusion juxtaposed inside 

20 the outer peripheral protrusion is Lb and an 

attraction force of the substrate between the outer 
peripheral protrusion and a central protrusion 
juxtaposed inside the the outer peripheral protrrusion 
is Pb, the disposition pi-tches La and Lb and the 

25 attraction forces Pa and Pb are set so as to satisfy 
relations: 

Pa-La-^ ^ 0.00427 
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Pb'Lb^ ^ 0-00164. 

40 . A substrate attrac-ting and holding system 
having a plurality of protrusions for supporting a 
5 substrate, for attracting and holding the substrate 
supported on the protrusions, characterized in that 
the protrusions include an outer peripheral protrusion 
for supporting an outer peripheral portion of the 
stibstrate and a central protrusion for supporting a 
10 central portion of the substate, inside the peripheral 
portion thereof, and that, when a disposition pitch of 
the central protrusion is La and an attraction force 
of the substrate at the central protrusion is Pa while 
a disposition pitch between the outer peripheral 
15 protrusion and a central protrusion juxtaposed inside 
the outer peripheral protrusion is Lb and an 
attraction force of the substrate between the outer 
peripheral protrusion and a central protrusion 
juxtaposed inside the the outer peripheral protrusion 
20 is Pb, the disposition pitches La and Lb and the 

attraction forces Pa and Pb are set so as to satisfy 
relations: 

Pa.La^ S 0.00427 

33 ^ Pa ^ 100000 
25 0.0005 $ La i 0.005 

Pb'Lb^ < 0.00164 

33 ^ Pb ^ 100000 
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0.0005 g Lb < 0.005. 

41. A stibstrate attracting smd holding system 
liaving a plurality of protrusions for supporting- a 
substrate, for attracting and holding the substrate 
supported on the protrusions, characterized in that 
the protrusions include an outer peripheral protrusion 
for supporting an outer peripheral portion of the 
siabstrate and a central protrusion for supporting a 
central portion of the sufastate, inside the peripheral 
portion thereof, that a disposition pitch of the 
central protrusion is made larger than a disposition 
pitch between the outer peripheral protrusion and a 
central protrusion Juxtaposed inside the outer 
peripheral protrusion, and that an attraction force of 
the sxibstrate at the central protrusion is is made 
smaller than an attraction force of the siabstrate 
between the outer peripheral protrusion and a central 
protrusion juxtaposed inside the the outer peripheral 
protrusion. 

42 . A substrate attracting and holding system 
having a plurality of protrusions for supporting a 
substrate, for attracting and holding the substrate 
supported on the protrusions, characterized in that 
the protrusions include an outer peripheral protrusion 
for supporting an outer peripheral portion of the 
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substrate and a central pro-tmsion for supporting a 
central portion of tlie substate, inside the peripheral 
portion thereof, that a disposition pitch of the 
central protrusion is made not less than a disposition 
5 pitch between the outer peripheral protrusion and a 
central protrusion :iuxtaposed inside the outer 
peripheral protrusion, and that an attraction force of 
the STibstrate at the central protrusion is is made 
larger than an attraction force of the substrate 
10 between the outer peripheral protrusion and a central 
protrusion juxtaposed inside the the outer peripheral 
protrusion, 

43 . A system according to any one of Claims 34 - 
15 42, wherein a free end of the protrusion is formed 

into a spherical shape. 

44. An exposure apparatus, comprising: 

a substrate attracting and holding system as 
20 recited in any one of Claims 34 - 43; and 

exposure means for transferring, by exposure, 
a pattern of an original to a substate as attract and 
held by said substrate attracting and holding system. 

25 45. A device manufacturing method, characterized 

by producing a device through manufacturing processes 
including a process for exposing a substrate by use of 
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an exposure apparatus as recited in Claim 44. 

5 
10 
15 



25 
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ABSTRACT OF THE DISCLOSURE 

A substrate attracting and holding system 
Includes a holding table for holding a substrate, a 
protrusion provided on the holding table, the 
5 protrusion being disposed to be placed in a 

predetermined positional relationship with a position 
of an alignment mark to be used for processing the 
substrate or a position with respect to which an 
alignroent mark is to be produced. 
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